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HE SIGN SAID we were entering the 
T ches road in the world. We probably 
™ were, since it would lead us through 
20,000-feot mountain passes. But—more 
important—it was taking us to a war be- 
tween the two most populous nations on 
earth. 

It was Christmas Eve 22 vears ago. There 
was no single bright star in the east this 
night. They were all brilliant and unblink- 
ing. Their light passed unfiltered through 
the thin, dry, numbingly cold, high Himala- 
yan atmosphere to cast-a gray glow on the 
trecless, moonlike landscape. For the right 
to claim and occupy bits of this desolate, 
poorly surveyed mutual borderland, India 
and China were engaged in a brief, bitter, 
undeclared war. 

For tive weeks I had been with the Indian 
Army at the two major points of fighting— 
in Ladakh in the west and along the north- 
east frontier. | was learning firsthand how 
serious border disputes can be. The war 
soon ended, but the bitterness continues to 
this day. Asthe South Asia map supplement 
to this issue indicates, the dispute remains 
unresolyed along both borders. 

In September this year a Japanese delega- 
tion, led by three members of their Diet, or 
parliament, visited our offices to urge us to 
change our maps to show certain Russian- 
occupied isiands north of Japan to be Japa- 
nese, not Soviet. At the end of World War IT 
the Soviet Union simply took them and =till 
retuses to leave—dividing families and cut- 
ting people off from their homes. 

Regardless of where justice or our symipa- 
thies may lie, by color and border we indi- 
cate the country that holds and administers 
the land at press time. We adhere rigorously 
toa de facto policy regarding all the scores of 
border disputes in the world. 

All, that is, but one of the most unusual, 
since the governments in both Belling and 
Taipe: claim that Taiwan is Chinese, we so 
show it by color. But as in the Japanese is- 
lands claim, we explain in a note what can- 
not be tald by a simple line or tint ona map. 

There is no Solomonic solution that will 
please both parties to an international bor- 
der dispute, and no brief note can explain 
the bitterness and bloodshed that often per- 
sist for centunes along such borders. 
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Monsoons 712 
Secsomil rains tach year bring both havoc 
and renewal to half the world’s population. 
Priit |. Vesilind and Steve McCurry follow 
the great monsoons. 


South Asia and Its Peoples 

An up-to-date geopolitical map of the Indian 
suboontinent is bucked by ao sweeping portrait 
oy its scores of diverse ethnic groupe. 


Tiger! 

Lord of the Indian Jungle 745 
By elephant and jeep, Stanley Breeden and 
Belinda Wright stalk the great cat, capturing 
the violent and tender sides of ite life. 


The Unknown Giants; 

Sperm and Blue Whales 774 
How do the heirs of Moby Dick communicate 
and socialize? Zoologist Hal Whitehead tells 
of sperm whole studies in the Indian Ocean. 
Asa bonus, blue wholes paid the scientists a 
visit. Photographa by Fiip Nicklin. 


A Journey Down U.S.1 = 790 
The first highway from Maine to Florida is 
today largely bypassed and much abused, 
but Broce Dele finds glorious stretches and 
fascinating people along the wity. 


Beyond Supermouse: 
Changing Life's Blueprint S815 


Hope and controversy surround the fast- 
developing fieid of biotechnology, Geneticist 
Robert F. Weaver and photographer Ted 
Spiegel repart.on the promise for agriculture, 
animal husbandry, medicine, ond energy. 


COVER: An Indian tailor in Porbandar 
saves his. antique sewing machine from a 
monsoon flood, Photo by Steve McCurry, 
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Blessed and cursed, destructive and sustaining, By PRIIT J. VESILIND 


India’s summer monsoon floods a Delhi street. 

For half the world’s people, the rain-bearing Photographs bj 
seasonal winds that sweep into Asia from STEVE McCURRY 
tropical oceans remain life’s critical uncertainty. 


HESEA EAGLE liftedskyward, nearly motionless ina shaft of 
tropical air rising from the Malabar Coast of India. It was the 
sixth of June 1983. Inthe troposphere a thin jet stream began to 


slip westward. The earth offered its northern halfto the sun. 
New heat scorched the Tibetan Plateau and the deserts of 
Rajasthan and Arabia. It was the time of tension and expect ation in 





Before the monsoon, cruel winds sear the arid plains of Rajasthan as women seek 
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Inca, the time before the monsoon that Hindu astrologers call 
rohini, atime of heat and dry winds that send grit and dust clawing 
across the arid plains of the north. At midday the earth burns under 
an unrelenting sky, and at night, as Rudyard Kipling wrote, “The 
dry-eved Moon in spite glares through the haze and mocks with 
watery light the torment of the uncomplaining trees.” 





scant shelter in the lee of a tree, 


Monson se 


The monsoon was late. That week 
near Ahmadnagar, inthe state of 
Maharashtra, several women 
collapsed and died from heat 
exhaustion; after eight hours of heavy 
labor they had to haul drinking water 
froma distance of three kilometers over 
wild and hilly terrain, in temperatures 
hovering at 46°C (115°F). Adust storm 
lashed New Delhi with winds that 
reached 105 kilometers(65 miles) an 
hour and engulfed the city indarkness. 
Cloud seeders from California were 
hired by the city of Madras to replenish 
dwindling reservoirs, And onthe 
central plateau, water was being sold 
at seven rupees a barrel in the city of 
Hyderabad. Fistfights erupted at 
public water taps infront of the 
waterworks, and office workers 
wearing expensive wristwatches drove 
frantically through the streets in their 
automobiles, searching for their share. 

The eagle soared even higher in the 
updraft as 1 picked my way along the 
dark rocks beside the Arabian Sea, The 
winds shifted with promise, deepening 
the resonance of the surf, muffling even 
the crows that cackled and lurched 
along the seawalls. The water grew 
choppy, and the black thorns of 
fishermen’s sails scratched the horizon. 
Surely the time was at hand. 
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At the weather station at [Drivandrum, 
capital of the state of Kerala, chief meteorol 
opist Julius Joseph (left) thumbed impatient- 
ly through the morning's charts and graphs 
“Look,” he said triumphantly, pointing toa 
swirl of isobars, “the low-pressure trough 
has moved directly over us, A slight shift to 
the north could bring the monsoon.” 

Gut when? There was nothing left but to 
wait, with the rest of India, for that storied 
monsoon onset that inspired ancient Hindu 
poets to eloquence. (See Peoples of South 
Asia, a supplement to this issue. } 

“The clouds advance like rutting ele- 
phants,” wrote the fifth-century Indian poet 
Kalidasa, “enormous and full of rain. They 
come forward as kings among tumultuous 
armies; their flags are lightning, the thunder 
is their drum 

For this I had traveled four months 
through the breadth of the monsoon 
world—from Africa to north China, from 








Monsoon rains 


IFFERENT SEASONS bring two 
distinct winds of the monsoon, 
derived from the Arabic word 





mausim, meaning “season.” From. Moy . \ 
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the tropical coast of Australia to the lofty 
Himalayas of Nepal—to this middling 
coastal city on the southwest tip of India, 
Where the monsoon was awaited by the 
first of June each year. 

But the onset fizzled, The 
trough retreated south, 
meekly, and next morning the 
sea. ¢agle turned wslow adagio 
in pale skies. The rain was 
stalled at sea, storming over the 
Maldive Islands. 

So we waited, We waited as 
the sun stoked the powerful 
atmospheric engines of heat 
and water, We waited asthe 
dusty streets of Trivandrum 
baked in sweat and evil smells, 
Wandering cattle licked their 
lips. Julius Joseph studied 
his charts. 

It would come, it would come. 


The monsoon, after all, is the verdict of the 
gods. When the monsoon falters, drought 
and famine paralyze continents; When it 
swells, cyclones and floods terrorize low- 
ving coastlines, 

But the f ortunes of Asian agriculture, and 
thus the survival of half the world's nearly 
five billion people, ride on the monsoon’s 
promise, Vital economic decisions await its 
whims, and politicians stake their careers on 
its failure or success. 

In India the monsoon is predictably un- 
predictable, It will come, but it can arrive 
coyly, even gently, teasing with thunder- 
showers, Kains can skip entire regions. It 
cin rain fordays, even weeks, until the earth 
is squirming with life and walls are slippery 
with mildew. For another week the skies 
may be clear, but then rain will come again, 
relentless, finally tedious, until memories of 
cracked, dry earth and fierce sun facle into 
wishfulthinking. (Comtinwed on page 722) 
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Solar heat 
fuels the 
monsoon 

engine 












ONSOOAN WIAD form orn of 
tlie PTA Picasa ve wie her 
items in the world, port of the 

global hoot trarmefer that keeps the 
planet hobitoble, Without the 
monsoons to balance temperatures, 
latitudes exposed to the sun's direct 
rye would shrivel with heat, and 

Oreos of central Aste would succumb 
to deep, unimaginable cold 

Although the most tmportant 
monies Osciilete beheon India, the 

Far East, arid Anetrolia, and thet 
frepiod! joanna, jones winds eviat 
in Africa, Mexico, and perhope even 
in-the Arctic 

in its basic form the norco i 2 


hect engine—orenorrmams cycle of 
aif Son MwA bry femperiiure 
differences over lond-and sec. {nm 
mune lon heats more ropa ly 
becouse solar rodiation doce not 
penetrate below ifs surface. Water 
stove cooler becouse it mixes, but it 
stores heat in ite apper fovers for long 
Deriikie of time 

Becouse the winds perform on a 
gioteal scale, they ore oleo directed by 
the tilt of the earth on tis axis and try 
the Coriniis force resulting from the 
ecirtiy’s spin 

iia simplified model of a summer 
moraoon, below, air pero! Ain 
diagram Ais hected over the liane 
while pore! YT renmigine cooler ower tiie 
con. [in diagram 8, parcel A rises, 
CXTHINMIS, Td anes ihe mo sture, 


éllowing ¥ to flow intend to equatize 


air pressure. While crossing the sea, ¥ 


hos picked up evopordting water, 
which it reledees ae rain wien the 
porcel reaches. bondfall. When this 
vonor condenses, if reledses lofent 
energy that heots the surrounding air 
cond dbrhets it peirdollwing even 
more moisture Inlen sed oir te risk 
Lind, os roin cools the land, the 
eenter of heoting ond-upword 
farther trland 
Inaiagram ©. parcel ¥ fas reached 
land, teen, ond expanded. Parcel Z 
has mandd in from the seato replace 
it, ond A hos alrecdy moird to high 
altttude and seaward. As if cools, i 
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will sink toward the Equator to begin 


Oo ew cycle 
inieronm 2 the 
frufia’s sumtimer monsoon have 


hwo branches of 


antived on different parts of the 
subcontinent are? ore directed bry 
toporrauphy. The Aration Sea branch 
1 Blows tite the Western Ghats, 
anders the coat, and ers a eor- 
roiniess flow ocrdss the peninsula, 
The Bay of Bengal branch 2 is forced 
west otthe Himalayas 3 onte the 


Gangetic Plain 4. The low winds 
fpinal at they rise ard become high: 
nities enaterties. “Ae long ae the 
land rermutins substuntiol£ly warmer 


thon the sna, thie sumer monsoon 
circulation (globe at center) 
continues 

Durtines the Northern Hemisphere 
winter (globe at upper right), the sea 
is wermer than the land, and cold air 
pulsotes out of Asia fo replace oir 
rising above worm southern seo8. 
This tf the winter, or morttenet, 
MTL, 











A global reach 


PE EAGALL. 
show thot the earth's tilt creates 
semen bonds of mucin heating 

Arrows on the large globe represent the 

SUTIN a" ToL Southe rh Heribap haere 

trode winds, including the intense linw- 

Lewe! Sorat petatrecsim 5. cross the 

Equotor 6, are bent right by the Coriolis 
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force, and move into the updrojt of the 


Pte rir pile ci é Cnverpince Done (lit) 
7, where the wines of the south meet 
those of the north. Lipper-lewel air 6 is 
cdrried hock to the Southern 
Hemiphere-and begineg to sink. On the 
globe atupper right, representing the 
VATU Br Fre rs SOT, & old air SLPREE LeTisn 
the For Fost, bends, ond crosses thie 
Equator te flow into the ITC, which 
has shifted ta tatifinies between 
Indonesia ond Austrafia 9 
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The glory of the rains streaming about him, a farmer 


Ee ord 


rtuguese colony of Goa, on India's west coast, leans into his 


assess plow pulled by water buffalo as women transplant rice seedlings that 
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week of June, there ts little time for cooking or anything but work. 

In most of mural Asia monsoon means the renewal of life: [tis awaited with 
intensity, celebrated with joy, and is firmly bound in myth, proverb, and religion 
For more than half of Asia's formers, who ore still primarily dependent on a 
singie growing season, the morsoon con mean survival itself. 
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JUNE 7. In Trivandrum the breeze 
quickened, Southern Inclia's central weath- 
er station in Madras issued a gale warning 
for fishermen, Julius Joseph was expectant. 

“It's a typical monsoon sky today,” he 
said, “all kinds of chouds, at all leyels—a 
chaotic sky. But the wind is mostly from the 
northeast, the wrong way.” 

Wind, not rainfall, defines the monsoon 
for meteorologists—a seasonal wind that 
shifts direction twice a vear. Asia breathes 
in, then breathes out. The inhalation ts the 
summer, or southwest, monsoon that blows 
from mid-May through September, bring- 
ing heavy rains from tropical oceans into the 
continent. The winter, or northeast, mon- 
soon isa reverse flow beginning in October, 
bringing cool, dry, continental air to. most af 
Incia and China and rain to Indonesia, Aus: 
tralia, and areas with northeast coastlines. 

Monsoons are often confused with ty- 
phoons and other destructive winds. Al- 
though « rain-bearing monsoon can arrive 
with near-hurricane force, tt is not a single 
aberrant storm, but the first wave of & sus- 
tained season. Where water is scarce, the 
monsoon is greeted with joy and relic! 


HOUGH the basic physics of monsoons 
was described 300 years ago, no one has 
yet pieced together the entire mecha 
nism or fully understood its behavior 

‘Tmagine a pulf of cigarette smoke blown 
into a room,” University of Maryiand mete- 
orolopgist Dr. J, Shukla explained to me. “A 
second puff will not follow the first;-all will 
be different, totally unpredictable, We have 
a similar turbulence.in the atmosphere.” 

Forecasting monsoons is often called the 
world's most important weather prediction, 
but, as Dr. Colin Ramage of the University 
of Hawaii told me, “The more observations 
we get, the more complex the monsoon gets 
Some of us think we may be dealing with an 
intractable problem.” 

Other meteorologists feel they are closing 
In on the elusive mechanism, drawinhe on an 
immense data base compiled in the Mon- 
soon Experiment of 1978-79 (MONEAN) 
Twenty-three nations participated im the 
MONEX task force, which included more 
than 300 scientists, five satellites, and 
shins and aircraft. Data poured in from the 
South Ching Sea and. forthe first time, from 











Pushing replaces pedaling when 
monsoon waters send the Cronpes over tts 
banks to Inundate the city of Varanasi 


National Geographic, December 1984 





isolated areas of the Indian Ocean, -areas 
previously covered only by occasional ship 
reports. Facts are replacing guesswork as 
MON EX scientists collate their research. In 
1984 India and China each signed high-level 
agreements with the United States to con- 
duct new monsoon studies. 

“The exciting thing is that we're getting 
answers al all,” says Australian meteorolo- 
gist Dr. Peter Webster, now at Pennsylvania 
Sinte University: “In five years we've start+ 
ed to understand how it-all hangs together.” 


JUNES. 


lightning danced soundlessly on the clouds 


That evening in Trivandrun 


that lined the southern horizon, From the 
seawall I scanned for pied-crested cuckoos 
from Africa, said to fly before the winds. But 
there were only the crows and the nasal 
drone of the muezzin’s call to prayer, drift- 
ing from a Muslim village across the water 

[¢lam itself rode the winds to the Malabar 
Coast. Through recorded time Arab dhows 





have éailed from the Persian Gulf, borne on 
the monsoons. They raked India for spices, 
gems, and teak, and scoured the Hast Afri- 
can coast for frankincense, mangrove, ivo- 
ry, and slaves. The legendary Arab snilor 
Sindbad was said to have reached Chimaon 
the shifting winds:” “Monsoon” derives 
from the Arabic word for season, matsin., 

Back in mid-May I had been to the Afri- 
can port of Mombasa to see the remnants of 
the ancient traffic. A modern facility han: 
dies Kenya's containerized shipping there, 


Rupees from heaven, roin enriches the 
state of Orissa on the cost coast of India 
gS commute clouds gid their mouture 
over the swollen Mohonadi River (left) 
Across the plains of northern Indio and 
Bongladesn, entire villages are often 
stranded on hiieh ground witetn such 
great rivers overfiow with monsoon 
waters, But the foods cover-the fields 
with rich silt washed down from 
MOuNniins and onsure [ite success oF 
the swniner growine secacrt, 

In Goa, diled rice fields are parched 
and brown in Mev (right), ani 
resourceful farmers flood some of them 
with seawater fo raise fish and to use as 
evaporation pans for salt. 

When the rains are late, Chiriation 
Gaans carry loads of rocks up steep 
mountain slopes in penance and 
sometimes lower @ statue of Sf. 
Anthony, to wlom they pray for 
rain, into a well 

But with the arrival of the monsoon 
the same fields ore transformed into 
emerild green by August (far right) 


but wooden dhows still anchor in Wid 
Town, 4 steamy, intimate warren that siz- 
tles in chocolate, pungent curries, and fried 
cassava. Masai tribesmen elbow throuch 
the alleyways with sleek Hindu merchants, 
dark sailors from Abu Dhabi, and caramel- 
colored maidens whose lustrous eves dance 
over veils of Muslim sik. 

* Tit Severin followed "In the Wake of Sindhad, "in 
the July 1982 GEngearHt 


National Geegraphic, December (984 


The Sarina af Acts trom India had been 
unloading koko wood, kingfish, and shark 


fins from Somalia when l arrived, und 


Mombasn’s longshoremen heaved bales of 


colfee onto the Javiir from Dubai, bound 
forthe Red Sea. Like theirpredecessars, the 
dhows rarely risk the full force of the south- 
west monsoon, but head north just ahead 
of it. Supplementary diesel engines help 
through rough weather. 

“Now there are only a few days 
Clared port dhow master Mr 
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broad-shouldered African given to repeat 
ing himselfin aloud youce. “Only atew days 
lett, If the dhows do not sail naw, they Cane 
nat go.” 

The Renyan twilight had shone like 
pearl, but by next afternoon the southerly 
winds had strengthened and coalesced; dark 
clouds pumped across the eastern skies. The 
somali jet stream, A major component ofthe 
southwest monsoon, had set in, 


MOMMY 





This powertul, low-level stream of air be 
gins 28 trade winds in the southern Indian 
Ocean. Bent right by the Coriolis force, 
caused by the spin of the earth, the air mass 
veers off the Kenya Highlands as it crosses 
the Equator, gathering momentum north- 
east along the African coast. The seas shift 
with the wind until a-virtual river within the 
ocean, the Somali Current, rolls 150 kilome:- 
ters wide toward Arabia. 

south af the West African hump inthe 
South Attantic, and all-across the [nelian 
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Cicean, other winds pull north as the conti 
nents heat. By tien of May the southwest 
monsoon has usually begun; moist air 
pulsating into West Africa, the Indonesian 
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islands, and continental Asia 


[In the Far Fast the monsoon starts earbier 


than in India and is just as important. The 
“plum rains,” 
southern coast around mid-May. 
the fai brings rain into the Ryukyus. But 


or mciyy, of China drench the 
In Japan 
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Swinging in celebration, viliige girts surg the 


anctent melodies of Tee}, the festival marking 
the return of the monsoon. tie promise of 
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TLOMSOOTT-SER SET ACrLio wiahity 








in its way north the summer 


LuseS Serious floods, loss of lite, 
ive damage to Uhinn while at the sar 


' T 7 f 7 v r - f Ls 
howrshing the rons thet fee 


Lhe powerlul monsoon rhins 


t 
Hurma pnd thi NOUNnTAINS of 


ful enough to disal 
i 2 “hr, ‘1 ey Oe i 1 ] | 
lorm over the Arabian Sea. A deep, humid 


ass Churns into 


nroloneed 


Laos, and Vietnam. [Chev flood the street: 


which spills into the central plate: 


; 
FetS The COS 


F i | = /. i | 
Bangkok, a slowly sinking behemoth where 


| . ‘i = a 
hasty oroeress has filed itn man 


r 
a = 


| a . 
tionally reaching Bombay by June 10 
u 


thundershowers, the &al Barsakhis, wrack 
Bangladesh and the Indian states of West 
Bengal and Assam. Tropical depressions 
push north from the bay, are deflected west 
by the southern flanks of the Himalayas, 
and storm across the scorching Gangetic 
Plain. Cherrapunji, a perennially soggy vil- 
lage on the south slopes of the Khasi Hills, is 
overwhelmed with one of the highest aver- 
age yearly rainfalls on earth, 1,142 centime- 
ters (450 inches). 

The two branches usually merge over cen- 
tral India by the second week of July, By the 
end of September the monsoon has played 
out against the Himalayas. 


JUNE S. At midnight a stifling silence 
descended. Air conditioners: hiccuped to.a 
halt as electric-power rationing reached 
home consumers in Trivandrum, All power 
to heavy industrial users had alreacly been 
severed. Now, movie houses were restricted 
to one showing a day, nedn display lights 
were outlawed, and stores were compelled 
to close by sundown. 

Kerala was down to six days of power, its 
major hydroelectric reservoirs drained toan 
all-time low. Only the arrival of a healthy 
monsbon could preventatotal power outage 
in the state 

Julius Joseph, scientist and adviser, hung 
up the telephone at the weather station. 
“That was Mr. Pillai, Kerala's minister of 
electricity,” he said, “He fears a total power 
breakdown. But T gave him some hope. The 
monsoon will come any day now." 

Across India reservoirs dwindled into 
puddles as the rains hovered offshore. 
About halfofthe nation's electricity 15 gener- 
ated by hydropower, and thus by the mon- 
soons. Government officials confessed to 
newspapers in anxiety that late rains would 
impede food production, aggravate infla- 
tion, and increase prices—and all this in 
u preelection year, Prime Minister Indira 
Gandhi, touring in Europe, asked for mon- 
soon forecasts to be added to her daily polit- 
cal briefings. 

The state of Karnataka found itself with 
900 extra elephants that had migrated 
from the parched forests of Tamil Nadu, 
in India's southeast. Summer rain would 
barely ease the drought in Tamil Nadu, for 
the state lies in the shadow zone of the 
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southwesterly winds and depends heavily 
on the winter monsoon for its water. 

During that season of the northeast wind, 
from October to March, the rest of the coun- 
try stavs relatively mild and dry, Surges of 
winter-monsoon cold from Siberia are 
shunted off by the high-rising Tibetan Pla- 
teau and funneled into eastern Asia. 


LE OF EASTERN ASIA bears the 
brunt of the winter monsoon. In the 
middle latitudes, freezing tempera- 
@ & tures and bitter wind, not rain, pulse 
out of Siberia. Frigid, drv air pushes south. 
Cold cyclones rear over the Gobi desert, 
gusting in suffocating dust storms called 
kercouran, The winds stream southeast- 
ward, growing water heavy and warm over 
the sea. They curve southwest, bent by the 
Coriolis force, and probe toward the tropics. 

“In the days of the emperors the frozen 
bodies were stacked like cordwood on the 
streets of Beijing, waiting to be picked 
up each morning.” | had heard this from 
Zhao Zhen of the Academy of Meteorologi- 
cal Sciences in Beijing, where I attended a 
seminar between American and Chinese 
monsoon experts 

The science is deeply rooted in China. We 
were each given a collection of weather 
data, for example, thal spanned 500 years. 
Deep as well is the Chinese love of learning. 
A wave of newly published books had hit 
Beijing as part of the liberalization of cultur- 
al life, and on the broad boulevards people 
gathered like moths to sit under streetlamps 
after dark, simply to read. 

By the time surges of monsoonal cold hit 
the tropics, they have lost most of their chill, 
but winds can reach 35 to 45 knots, whip- 
ping the South China Sea into a frenzy, set- 
ting up rainstorms that drench the coasts of 
Southeast Asia, Borneo, or the Philippines, 





} | Rejoicing in the renewal 
NE p A of life that the monsoon 

brings, women.gather at 
the Boghmati River in Kathmandu fora 
ceremonial bath. They honer Parvati, 
wife af the Hindu god Siva, who dwells 
among the peaks and sends the streams 
coscoding to the plains, 
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For the heavily commercial city-state ol 
Singapore, the condition of the South China 
Sea affects shipping schedules and work on 
the forest of offshore oil rigs. “Luring the 
even fishermen 


Singapore meteorologist Dr. 


winter monsoons 
can't go out,” 
Lim Hock had told me. “Waves up to four 
meters high sweep the beaches on the east 
coasts of Malaysia, causing much damage. 
Racing toward the Equator, the norther 
ly winds are heated and sucked upward over 
Indonesia, Rain squalls roll up mountau 


strong 


Great columns of soaked, heated 


SO pHs 





clouds rise and tower over the islands anc 
northern Australia. Sumatra, Borneo, and 
most of the northern islands get ample rains 
from both monsoons, bul a marked dry sea- 
son sears eastern Indonesia in winter. Ln 
lands of Timor, Sulawesi, and 
Bali suffered severe drought 
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JUNE LQ. The summer rains 
reached Hurma and Malaysia, but only a 
drizzle trickled over thirsting Trivandrum 

“Most peculiar,” said Julus joseph 
‘Rarely does this much delay occur.” 
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To save fragile mountains from the erosion inevitable with 
monsoon downpours, a village boy near Kathmindy (left) plants 
pine seedlings on slopes denuded for firewood and by overgrazing 


Neurby, monsoon-triggered landslides have turned a 





Since June 1982 the operative word for 


world weather had been “crazy.” Blamed 
was a tongue of warmer-than-usual sea sur- 
face in the eastern Pacific that South Ameri- 
cans call F) Nino, The Child, since it o¢curs 
around (Christmas every four years or so." 

El Nino tossed world weather patterns 
into turmoil. It deflated the 1982-83 mon- 
soon in drought-struck Australia, stifling 
the November rains that usually pound the 
northern coast. Only in early March did the 
thunderheads straggle into Darwin, capital 
of the Northern Territory, 
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mountainside (below) into washed-out. eullies—an (instant 
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desert. Nepalese furmers, forced by rising population to look 
higher and higher for firewood, fields, and graring grounds, have 
stripped nearly a third of Nepal's foresta in the past 30 years. 
Now, with outside help, Nepal hos mobilized villagers to help 
themselves; local committees protect forests and maintain more 
than 600 tree nurseries, Although the destruction fas been 
Stenimed, more thin a million hectares (2.5 million acres) must be 
rejorested by the year 200K) to meet fuelwood needa alone 





Darwin was pure tropics in April. The af- 
ternoon heat and humidity were staggering, 
and only mad dogs and American journal- 


ists went “out in the mid-day sun. . 

In its normal cycle the territory is a land of 
either-or. The monsoon heralds the Wet, 
with a capital W, as distinct from the Dry. 
And the Wet thunders into Darwin with en- 
thusiasm; in 1974 the city was virtually de- 
stroved by a tropical cyclone, or hurricane: 

* Assistant Editor Thomas ¥. Canby told of the dev 
aataiion wrought by El Nifie on five continents in the 
February [984 NATIONAL GEOGRAPHIC 


At the height of the Wet, wild tromecal 
grasses grow eye-high, and the gullies are 
choked with vegetation. When the rains 
stop, the land turns tinder dry. Searing 
winds sweep north from the outback; bush- 
fires crackle across a territory the size of 
Qregon, out of control by August. 

“The more water, the more yvezetation- 
the more vegetation, the more fires,” was 
the neat but chilling synopsis of Mike 
Rowell, chief officer of the Northern Tern- 
tory's Bush Fires Council in Darwin. 

“The vastness of it all,” he had sighed 





What to wear to a monsoon poses no 
dilemma to boys leading water buffalo on 
a rocky road near Kathmandu. A 
bonanda-leor slicker is one Inexpensive 
option (above). Another: Woven straw 
umbrellas (facing page) held an by 
tumplines that fit around the forehead, 
leaving hands free for work, 
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"We have more country, more fuel on unde- 
veloped land, and fewer people who know 
how to handle it than any other monsoon re- 
gion of Australia. The old-timers under- 
stand how to live with fire. Our big problem 
now is the growth of Darwin—and newcom- 
ers not always aware of the problems of fire. 
The result is a highly dangerous situation at 
least four months of the year.” 


¥ THE ANCIENT CALENDAR oat 

the Aboriginals it was still guayewg, 
monsoon time. It was the ime when 
grass seeds are knocked to the ground 
by the rains, and a lizard—figurr Dagain- 
men—calls from the trees. Perhaps the Ab- 
originals still understood, 

I had Jeft for the Aboriginal settlement of 
Maningrida, on the coast of Arnhem Land, 
in a stall twin-engine plane as the tardy 
monsoon pushed inland from the Arafura 
Sea. Rains riveted off the windshield, and 
powerful updrafts sucked the aircraft up 
and down like a piston. Below lay a vaguely 
sinister wilderness, a fecund soup of green 
mud, withrivers bloated like sated pythons. 

Maningrida, an isolated administrative 
center of about 700, supports 24 or 50 out- 
stations of Aboriginals. When the rains turn 
rivers into lakes, road traffic is severed and 
many oultstations are marooned. Despite 
their four-wheel-drive trucks and shotguns, 
the Aboriginals still rely on traditional hunt- 
ing methods and foods such as crocodile 


egos. The crocodile is a totem animal to the 


central Arnhem community 

“There's a feeling of self-dependence 
here," said David Bond, a white Australian 
who is manager of the Bawinanga Corpora- 
tion, the local economic body. “People want 
to live out in the bush and have their place in 
the sun. Butthey're Australians. They want 
to be part of the nation too,” 

Nealyod, the rainbow snake, is the cre- 
ator spirit, Arnhem Land's symbol of the 
northeast monsoon. It brings the rains and 
life; itstands as the rainbow after the storm. 
But man himself, for a grudge or a sense of 
revenge, also can summon natural forces 

Jimmy Burinyila, an Aboriginal and cu- 
rator of the local museum, told me how rain 
is made: “The water snake, yellowbelly, 
that one is lightning. Now the file snake 

the file snake vou find in fresh water. It 
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Masters of survival techniques for 
northern Australio’s monsoon 
Aboriginals like George Mupurru and 
fomily stillstrip the stringyburk 
encolyprus (top left). With help from the 
family dog (above) they treat the bark 
with fire to fashion @ fumting canoe for 
the crocodile-infested Arafura Swanip. 
In his new craft (above right) Mfilpurru 
poles after tucker. or bush food, such as 


fish, goose, or file snoke, a creatiire 
whose hiss can bring the monsoon 
clouds, according to Ambem Gand 
beliefs. Later, in. the midst of a downpout 
(right), he carries embers from a 
neighbor's fire to coe dinner 

Many Aboriginals, frustrated with the 
“whitefellow" world, have settled into 
the bush to regain traditional waiwes. 
During the raty season. from November 
ro. April, when they may be marooned on 
high ground as rivers swell into lok 
they rety on old hunting methods. 
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can float, and go tstihAhht! And make the 
rain. Now aman can make the sound of the 
snake, and that brings the rain. He will stay 
home and sleep, and it will start pouring 
and pouring, ” 

T had asked Luke Taylor, an Australian 
anthropologist who does research in Manin- 
grida, about the lack of rains this year. 

“The people have had a two-month-long 
ceremony in the bush,” he answered. “They 
were singing the rain away, keeping it from 
coming, until they were finished. Others 
were calling from all over the territory by ra- 
dio, asking them to stop. 

“The meteorologists blame pressure 
troughs, but we know the real story here, It 
rained for two bloody weeks after the people 
broke up the ceremony and went home.” 


JUNE Il. Indians, beseeching gods 
and meteorologists alike, still waited. Julius 
Joseph spent his morning comforting polit 
cians and press at Trivandrum. Heavy cu- 
mulonimbus clouds had gathered, but the 
wind still gusted from the northwest. “Two 
or three more days,” he augured. 

The state of Kerala, normally water rich, 
shriveled. The last monsoon and seasonal 
rains had failed. Tea fields had turned 
brown; coffee had missed the crucial “blos- 
som showers.” Rubber tapping had been 
suspended. Rice farmers stared bleakly at 
the packed earth, awaiting the time to plow. 

With the new high-yielding rice strains of 
the green revolution, farmers who irrigate 
can grow two, even three crops a year. But 
half of India's arable land depends solely on 
monsoon rains and a single growing season. 
For farmers the coming of the mansoon is 
still life’s critical uncertainty. 

In the best of years rice farming is a gam- 
ble. Will pre-monsoon showers soften the 
soilin time? When should seedlings be Lrans- 
planted? If too soon, they will wither; if too 
late, the crop will die when the rains stop. 

But with a growing complex of irrigation 
schemes, bore wells, and storage tanks, 
India has become self-sufficient in food for 
the first time, 

In the west Indian state of Maharashtra, 
farmers have long been tethered to the mon- 
soon stake. In May 1983, however, humble 
acceptance was notin fashion, In the village 
of Karjat 500 women marched in protest 


#36 


and staged a hunger strike against the gov- 
ernment’s water management policies. Nig- 
gling rains had cut harvests to subsistence 
levels, and, with the monsoon unknown 
weeks away, even drinking water prospects 
Were grim. 


SHAD JOURNEYED through Karjat 
soon after, on the road from Bombay to 
Pune, and to the city of Aurangabad. 
The road knifed through the bluffs of the 
Western Ghats, where cripples and sacdhus, 
holy men, perched to gather alms from 
wealthy travelers. Past Pune lay a flat, tor- 
rid landscape of thornbushes and mud huts. 
Villagers satin the stifling heat asif stunned, 
and a dry wind sucked moisture from the 
dying pipal trees that lined the roadside. 

Near the village of Koregaon | stopped 
ona bridge to watch as women hauled water 
from a well sunk into a broad, snake-dry 
riverbed. An old farmer in dirty linen ap- 
proached, stuck out his chest, and saluted 
stiffly, in the British manner. “I’m amilitary 
man,” said Dattu Madhu Glonhane. 

He wanted to explain the plight of his vil- 
lage. “God doesn't like this place,” he said. 
“There was a solar eclipse and a lunar 
eclipse here. We don't have enough water 
for irrigation, just for drinking. But the 
earth is good. If it rains this year, there will 
be lots of crops.” 

“What if the rains don't come?” 

“People are going to start looting,” he 
said. “Others are going to starve. If there is 
no water, it doesn't matter if you have a job 
or not. So we're living on hope. Even the 
birds die of thirst. But birds have wings— 
they can fly away. We are stuck here.” 

He dismissed a group of amused village 
boys with pomp. “I’m a military man,” he 
said, saluting again, and was gone. 

At the hotel in Aurangabad a pitiful golf 
putting green had faded to dirt and singed 
straw. Drinking water the color of antifreeze 
sat on the table at lunch, “It's been filtered 
three times,” said the waiter defensively, 

That afternoon I wandered the narrow 
streets of this timeless city of the Mogul 
Empire. Aurangzeb had ruled here, giving 
it his name. But its ornate stone carvings, 
city walls, and mosques were finally aban- 
doned to the enduring peasantry. Auranga- 
bad lay limp in its thirst. Women flogged 
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laundry by the overworked stream. Street 
pigs snultied in doorways where weary mer- 
chants In red turbans lounged on sacks of 
grain. Amd the eternal bullocks plodded 
under the eternal whip—their humps like 
tumors, their faces lean, ascetic, and hope- 
lessly vacant 

A wind hit suddenly in whirls of hot grit 
and stinging dust. The sky blackened, and 
poats cowered against walls. Traffic moved 
on in a sepia haze, The high leaves tossed 
drvly. There was no smell of rain, no prom- 
ise. And then the dust storm passed, and the 
dark clouds were gone again. 

But pre-monsoon rains had filled the 
Bhima River near Pune when | returned on 
my way back to Bombay, Traces of green 
stippled the fields, and iat puddles sank 
into the caramel-colored earth, On the road- 
side, villagers ARIE one of their own, a 
shrouded body on a metal-frame funeral 
pyre. The shape of the frame mimicked the 
form of their mud homes, and also the hay- 
stacks that nurtured their cattle—the three 
syinbolizing a cycle of birth, struggle, and 
death. The smoke rose into clear skies from 
the pyre, seeding unseen clouds: 


JUNE 12, I was awakened at night by 
the bold, dry scrape of cockroaches the size 
ofa thumb, scudding across the mehtstand 

“We are all praving for rain,” said the 
chambermaid thoughtfully, as she sprayed 
in the corners nextday. 

The city grew impatient. Trivandrum’'s 
public se hools, scheduled to open June 1, re- 
mained shut. Notenough water for drinking 
and sanitation, officials explained 

The monsoon can be poetic in the coun- 
tryside but hard news for urban India. In 
Bombay, drinking water was little in evi- 
dence ms 
India’s wealthiest metropolis. | remember a 
six-year-old boy, scrubbing aluminum pans 
on the sidewalk, wha stood for a moment to 
catch his breath, Then he walked toa carton 
of empty soda bottles behind a kiosk and 
raised each to his lips to salvage the dregs 

And I remember the water vendor who 
pulled a barrel on a wooden cart through a 
slum district in the city center shouting, 
“Water, only one rupee!” A thin, shirtless 
man implored him fora drink. The two ar- 
ruec. The vendor twirled a black mustache 
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I walked through the center of 


like a melodrama villain and waited for the 
rupee. The thm man licked his lips. The 
vendor, indifferent, moverct on, 

“How much do you make a day?” I asked 
the vendor, hurrying after him 

“Forty pails, forty rupees.” 


“That's a lot of money,” I said, having 


been told thatthe average pastes in n field labor- 
er earns about 15 rupees a da 
you charge so much?” 


“How can 
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Wearing masks, mother and son protect 
fiemseives against bitter cold winds in 
Kaifeng in the Yellow River Volley. Here 
surges of intense cold, not rain, 
characterize the winter monsoon. Dust 
Stonms are commen in northem Chine as 
repocted waves of winter-monsoon cold 


piss on their way sour. 
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INDONESIA 


Fighting off despair, a farmer in Java 
(above) struggles to save rice fields fram 
food-borne volcanic debris spewed from 
nearby Mount Galunggung and carried 
dawn by monsoon waters. Such eruptions 
hove wreaked havoc since 1982. Another 
fomily (left) stands tna home also 
devastated by water and volcanic ash. 
Although thousands have fled into 
rejugee camps, many are spiritually ted 
to their ancestral lands ana refuse 
bowie wp and leave. 
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The vendor did not answer; he simply 
pointed to the cloudless, intimidating sky 

But in the first sustained downpour, life 
in Bombay sloshes to a halt. Muddy water 
fills the taps. Many old buildings collapse. 
Garbage and cattle dung clog drains, turn- 
ing streets into stinking canals that invite 
cholera and dysentery, The low-lying slums 
that surround Bombay like a grimy quilt are 
swept away. Train service, lifeline of the 
city, is severed. Where the tracks cross the 
neighborhood of Parel, | had met with resi- 
dents who routinely evacuate their families 
into a nearby factory building when the 
water invaces. 

“We know we need the monsoon, butit'sa 
problem for us," P. G. Bhujbal, a local resi- 
dent, explained, He pointed to a stream of 
sewage that trickled from an adjacent apart- 
ment building, where chickens pecked at 
grains of floating garbage, 

“We are the lowest point in the area,” he 
said, “The gutter water mixes with the rain 
water and comes into the houses. We put the 
tables on top of the beds and sit on the tables. 
The water is chest high sometimes.” 

“Do many vears have passed and always 
the same thing,” said William D Souza, an- 
other resident. “But nobody is doing any- 
thing for us, The government? They come, 
they see, they go.” 

Yet Bombay waits eagerly for the rains, if 
only through cultural mandate. Children in 
underwear rush into the streets to rejoice in 
mud puddles, and prayers of thanks fill the 
temples. Only when the reservoirs are full 
does the rain's soggy monotony wear thin. 


N THE C§iTy of Madras, where the 
northeast monsoon is the culprit, reser- 
yvoirs had stood nearly empty that May, 
The beleaguered Madras Metropolitan 

Water Supply and Sewerage Board had 

sunk 132 new deep-bore wells. They had ini- 

tiated a scheme to divert water to the city 
from the Krishna River, some 400 kilome- 
ters away. They had imported water by 

steam-cleaned railroad tank cars, imposed a 

tight rationing system, and dispatched fleets 

of drinking-water trucks daily to plumbing- 
poor neighborhoods. 

Still, Madras suffered. Trees and grass 
had withered in the parks. Mere walking 
wis a trial through the cloying heat, exhaust 





hag 


furnes, and the constant whine of beggars, A 
sign scrawled on a concrete wall offered, 
“Repent! Jesus will give you rain.” 

In a poor neighborhood a line of deter- 
mined women had already formedatdusk at 
their water-rationing station; their alumi- 
num and brass pots were strung like a neck- 
lace on the sidewalk. 

“They sleep here in order to keep their 
place in line,” a local resident informed me. 
“Tt goes. on all night.” 


T THE OFFICE of the water board, 
managing director Dewan Moham- 
med outlined the dilemma: “We have 
to hold on till October," he said, “All 

our rivers are dry. You can walk from Ma- 
dras to Kannivakumari [on the southern tip 
of India] without getting your feet wet. 
There are nosnow-clad mountains for us, no 
perennial rivers. Tamil Nadu is a dry state, 
dependent totally on the rains. 

“This is the third year that the monsoon 
has faltered; it’s a hardship. But it will not 
fail: the rains willcome. They havetocome.” 

The previous October, when the winter 
rains were expected, violinist Kunnakkudi 
Vaidyanathan had waded into the Red Hills 
Reservoir and rendered a 70-minute-long 
raga as an invocation tothe gods, Self-styled 
“miracle man” Thomas Jacob, a bank clerk 
from Kerala, had sent out telepathic rain- 
making waves, But only a puja, a Hindu 
prayer ceremony in which a thousand wom- 
enin red robes sat with a thousand candles 
and chanted heavenward, had succeeded in 
bringing brief showers. 

At Kapaleeswarar Hindu temple, where 
the dried-up temple pool had been turned 
into a cricket field by street urchins, | 
watched members of the rec-robed sect as 
they chanted: “Qin, shakti, Parashakti! Om, 
shakti, Pareshakti!” beseeching their god- 
dess of supreme strength. The gathering 
joined a growing procession, the men bear- 
ing an altar that smoked with purifying 
camphor and offerings. Musicians struck up 
a reedy tune, temple bells tinkled, and 
the procession clanked and chanted down 
the Madras streets, past wandering cattle, 
children being lathered at public water 
taps, and the ubiquitous movie billboards 
where macho men postured with weapons 
beside chubby-thighed maidens in distress. 
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If prayers alone could bring rain, Madras 
might be sated, But in Indiaeven prayer isa 
matter of form. Said T.V A. Seshan, a reli- 
gious philosopher and an editor at the news- 
paper Hindu, “Tt has to be incanted in a 
certain wav, with a certain inflection, pro- 
nunciation, and pitch. The priests can doit. 
can’t do it,” 

He chanted unsuccessfully for mé in a 
gravelly voice. 

“When a number of persons chant in a 
particular way,” he said, “it creates acertain 
sound vibration that affects the atmosphere 
and is capable of seeding the clouds, The 
priests don't know the scientific aspects of 
lt—they only know the sound has to be in 
this fashion, in this way.” 

The wind had picked up that evening, 
blowing the wrong way from the odorous 
tidal backwater by the century-old Madras 
Boat Club. Distant lightning flashed like 
a pale eve winking. The wind touched 
the neem trees and whispered through the 
wicker chairs as Madras waited. 


JUNE 13, The coast at Trivandrum 
was lost in haze and drizzle; the air smelled 
of iodine. The sky was cast in chalk. Isat in 
the coffee shop and sulked at the crows. In 
the previous 84 years only four monsoons 
had arrived here this late. 

Yet rains were reported over other parts 
of Kerala, The city of Cochin, to the north, 
had showers atnight. On the beach the foam 
was tinged with evidence—yellow-brown 
eilt loosened by rains in upland watersheds. 

Some erosion is natural, but too much of 
India's topsoil has been lost to the sea. Ex- 
posed earth, particularly in the mountains, 
has littl chance to hang together in the sus- 
tained downpours of the monsoon, And veg- 
etation has been indiscriminately stripped 
to dangerous levels—sometimes for profit, 
often for survival. 

The loss of forests has become a major 
concern and a potent political issue through- 
out monsoonal Asia, The problem is near 
critical in Nepal, where nearly athird of the 
forests have been destroyed in the past 30 
years. The Himalayas, the spine of Nepal, 
are still in full geologic thrust, rising half a 
centimeter a year with the concomitant 
grind of earthquakes and crumbling rocks. 
But Nepalese farmers have accelerated the 
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natural process, carving foothills into fields. 
angling their terraces higher and higher, 
Into firewood, and 


leaving goats and cattle to nibble at what 


Nacking too many trees 


Overt 12 er 
These high, 
southwest monsoon's natural barrier in the 
Indian subcontinent, and the winds empty 
fiainst the newly shorn slopes with a flerce 


fragile mountains are the 


finality. Each year more frequent and more 
powerful landslides sweep the hills. Ter- 


ds, livestock, people, and entire 
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Villages have been lost, and many families 
monsoon with growing 
Vhousands have already left for the increas- 
ingiy overcrowded Nepalese lowlands 


face each 
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The landslides add enormous loads to the 
silt flushed into the snow-fed Himalavan 
streams and suffocate the great rivers to the 
sauth, sending them into spate with heavy 
rains and turning the northern plains into 
vastlakes. A tenth of the world's population 
lives here, Cra pet i betw fen seasons of blis 
tering heat and crippling floods that leave 
crops sodden, homes splintered, and whole 


communittes stranded 


JUNE 14. A lone fisherman, his dark 
body taut tike wires and pulleys, worked 
his Catamaran through the surt to the beach 
at Trivandrum. He uniashed a net bag of 


silvery cHala, a sardine-like local fish. as 
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Che show goes on for a family in Bofonegoro, Java, although 


the muonsoon-swollen Solo River has carpeted their liviny room 


for two weeks. [he water ta littie more than anneying unless 
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turned their city of Tasthmalaye inte a nightmarish landscape of groy ash, giving 


Indonesia another reason to shift people from overcrowded fova to other islands, 
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buvers gathered around. His name was Abel 
Johnson. Such a man should know. 

*The monsoon is God's way of providing 
fish,” he said. “When the sea is rough, the 
water near the shore will be very cold. Fish 
like cold water, they will come very close, 
and we will have good tuna, shark, and 
prawns. And the vastness of the sea will not 
matter tous.” 

“But will it come today?” I pressed. 

Abel squinted into the horizon where | 
could see nothing. “It is very hot,” he said. 
“Also the wind is from the west. There wasa 
change in the waves this morning,” 

Later | heard thunder, and the air was 
quite still. There was no wind, | realized, for 
the first ime in eight days, And then, at 2:40 
p.m., a squall line of gray edged from the 
southwest. It deepened into a solid wall of 
clouds that seemed to push the wind before 
it. The seas leapt inte whitecaps, and heavy 
waves assaulted the shoreline. 

Fishermen scrambled to lash their boats 
to the wooden frames that lined the beach. 
Palm trees thrashed lke gladiators. Dark- 
ness covered the earth, and the monsoon, in 
a churning mass of “rutting elephants,” rode 
majestically into the Malabar Coast. 


HE GRAND LOTTERY had begun, 
The rains picked their way at ran- 
dom—blessing, denying, destroying. 
They fell, as an Indian proverb says, on 
one horn of the buffalo but not the other 
The initial burst merely doused Kerala 
but overwhelmed the state of Guiarat. A 
vicious cyclonic storm, with winds reaching 
115 kilometers an hour, tore roots off houses 
in the port of Veraval, and the merchant 
shin Har Gange, en route from Dubai, was 
reported missing. Overilowing dams left 
150 villages stranded in the Junagadh dis- 
trict. Military helicopters were dispatched 
to drop food and supplies to hundreds 
nerched on rooftops. More than 500 people 
perished 
Almost overnight, grass appeared and 
leafless trees sprouted In green. Centipedes 
and slugs and earthworms gloried in the rich 
mud. Sowing began for the kharif—the au- 
tumn crop—on June 17. 
By June 21 hundreds of structures—ol- 
fices, homes, shanties—had collapsed in 
Bombay. Floods had made shambles of 
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Rice-paddy pudding of monsoon mut! 
cushions an Indonesian boy as he 
tumbles hormilessly from a slippery 
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terrace wall near Ujung Pandang on the island of Sulawesi. His brother, driving 
oven, smooths the field with a flot board, Later they will transplant seedlings they 
hive nurtured tin patches of irrigated soil while waiting for the rains. 


Monsoaoms 





Almost afloat in leer front-ward, nearly 
aiiriftin @ aco of tory leaves, a favanese 

Piri in tie town of Boponéegoro hows 
firsthand the rivages of mons waters 
Yel the blessings of the monsoon more tian 
cutweish the blasts, da those who depend on 


its life-giving waters acknowledge 


train schedules, and thousands of tele 
phones were cul off as Water seeped into 
buried cables 

By July 6 many of Ini 
were in spate, leaving countless victims 
The highway between Bombay and (roa 
was blocked by landslides, and three people 
were killed by lightning. Exhausted Au- 
rangabad finally got its rains by July 10. 





las Major rivers 


NIULF2Z0THE MONSOON was revi- 
talized by a powerful cyclone over the 
Arabian Sea. The rains reached New 
Delhi on schedule, making up tor lost 
time. and nourishedarid Punjabandthec 
erts of Rajasthan four days early. Late rain 
washed over Trivandrum, and Balakrishna 
Pillai, minister for electricity, upped the 


movie-house quota Lo tyro showings a day 











ial Gao 


Bangladesh rejoiced in the annual flood- 
ing af its delfa, and Burmese mountain 
tribes hunkered under palm-frond roots 
against the deluge. In Thailand Bangkok 
caniit chew per into the mud. In China the 
Yangtze spilled into the countryside, mun- 
dating 70,000 houses and 300 tactorves in the 
city of Wuhan. A mullion Chinese mobilized 
to ficht the waters. Ten thousand marooned 


peasants were rescued by a boat-and-bridge 








brigade of the People's Liberation Army 

In Nepal 30 villagers were killed in a 
wrenching landslide on August 1, in the 
Baglung district near Pokhara 

On August 11 the Indian government 
cited a comfortable inventory im the nabonal 
grain pool, putting the stamp of success on 
the monsoon. By August 31 only three 
states—Bihar, parts of Uttar Pradesh, and 
Himachal Pradesh—were deficient in rains 
Even Madras drank deeply, as unusual 
[= 





SWeEEDS Ol the southwest system held off i 
saster in Lamu Wadu 
And when the earth again offered 1s 


a] 





southern half to the sun, and the jet streams 
had shifted in the troposphere, the rains 
ebbed and eased out to sea. Asia exhaied 

The cycle done, the wheel turned, pen- 
ance paid, the gods appeased, Inclia turned 
One Aoi ta) Wal, sfarcnine the skies DOT 
clouds as others await the healing sun 

For the perception of rain and clouds dit- 
fers profoundly between India and the 
West, In the West clouds signal sadness and 
December 1984 
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TIGER! 


LORD ©F THE 
INDIAN JUNGLE 


By STANLEY BREEDEN 
Photographs by BELINDA WRIGHT 


E SET OFF at sunrise on this 

winter morning in central In- 

dia, once again riding Pawan 

| ee Mala, an old and venerable el- 

ephant. Out on the meadows the swamp 

decerstags arerutting. A tiger roars in thedis- 
tance, a good omen. 

Mahavir, the mahout, steers the elephant 
toward the tiger's stirring sound. We soon 
find fresh tiger footprints along a sandy ra- 
vine, or nullah—the broad strong pugs of a 
male, They lead us into dense forest. 

We are on the right track; we can smell 
where the tiger has sprayed a bush to mark 
his territory. Belinda, my wife, sees the tiger 
first, an awesome vision in fiery orange and 
black stripes gliding through the green bam- 
boo tracery. lenoring us, he walks on and 
on. We are alongside him now, about 30 feet 
distant. Once or twice he glances at us and 
snarls, pale yellow-green eyes burning. 

Suddenly the tiger stops in his tracks. He 
sees a herd of spotted deer browsing on bam- 
boo atthe edge of asmall clearing, He makes 
not a motion—no tail twitch, no ear move- 
ment, notevena whisker quivers. He ts fro- 
zen in the partial cover of a small patch of 
grass. As long as he is motionless, the deer 
cannot see him, even at 30 or 40 feet. There 
is no breeze, so they cannot scent him. 


Snaerting in threat, a 300-pourul tigress 
warns te authors, man open jeep 15 feet 
wary, Qgainst wenturing closer. During 
the past ten years the team has tracked 
the greot carnivore throughout India. 








For hall an 


howr or more he watches the deer. T 


Slowly the tiger lies down 
hen, 
carefully placing one foot in front of the 
other so as not to make a sound in the dry 


leaf litter, he insinuates himself trom bush 


a 

a 
to bush. Closer and closer he moves. It 
seems our hearts have stopped beating 
the deer are 


Some does are especially watchiu 


Though grazing quietly, 
alert 
One sniffs the air; there must be 
tiger scent, for the doe stamps a fo 


a sign of mild alarm. The others look up. 

he tiger 15 rigid In a crouch, powerful 
hind feet gathered uncer The 
stamps her front foot again, raises her tau, 
gives her bell-ltke alarm call. The tiger 


bursts from cover, tall erect, ears forward 


him. cline 


In unbelievably fast bounds he rushes the 
deer. They scatter 

He misses, snarls, and utters a series of 
moaning roars. Then he rests, hvingina pow 


of sunlight. We go closer, to be greeted with 
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a snarl and a low, rumbling growl Nev Solitary huntress, Nikku checks her 
EE shoo load territory in. Ranthambhor National Pare 


before ee he ve ta "TA Li@er with such in eg rly morning, her tawny coat blending 
a bad disposition. We name the tigers we with dry grass, her stripes resembling 
study. This one is Snarl. shadows. Highly territorial, the tigress 
hunts, usually at night, on a home ponge 
AWAN MALA is tired after her long of about six square miles; the territory 
hike. She fidgets, letting us know it is af a resident rrale overlaps that of four 
time to return to camp. “Camp” is, in or more females. When residents leave 
die, transient tigers move in 


fact, a two-room cabin deep in the forests 
and bamboo jungles of Kanha National 
Park. It is an idyllic spot, far from India’s 


liver! Lord of the Indian Jungle 








crowded cities and towns. The only people 
here are park officials and those who look af- 
ter the park's six specially trained elephants, 

Elophants are essential to tiger-watching 
in Kanha. Over the years elephant and tiger 
have come to tolerate each other. Even 
when the elephants appear with five people 
riding on them, many tigers ignore both the 
elephants and their strange cargo 

Qurs has been a ten-year affair with the 
tiger, a quest that lured us back again and 
again to the Indian jungles, We have met 
some 90 individual tigers and have come to 
know u dozen of them well. We have tracked 
tigers throughout the country 

Mostly we have concentrated in two 
widely differing places. The first, where we 
spend more time than anywhere else, is 
Kanha, a reserve of 232,000 acres: The 
other, 41,000-uere Kanthambhor National 
Park, has no dense forest, no bamboo 
thickets; it is.a bowl of scrub jungle and 
grassland, its harshness relieved by streams 
and lakes 

In these parks we have had the good for- 
tune to see tigers regularly and at close quar- 
ters and to spend hours and sometimes days 
With them. Slowly we heve learned some- 
thing of their wavs, of family life, relations 
hetween male and female, hunting tech- 
niques, territoriality. The stripes and squig- 
dleson the tigers’ cheeks and eyebrows are as 
distinctive as the fingerprints of humans, 
and Blue (Belinda’s nickname, for her blue 
eves) is able quickly to identify an individ- 
ual, using herindex of facial markings. 


FEW DAYS after we meet Snarl, we 
have a reunion with Arjuna; an old 
tirerinend, whotsona kill, Hei as 

benevolent as ever. Small scavenging birds 
and a mongoose nibble at his sambar deer 
kill. Arjuna is not as tall at the shoulder as 
snarl (whom we had seen about three miles 
away) but is much bulkier, broader in the 
shoulder. He oozes power, where Snarl is all 
athleticism. 

That evening at dusk we sit on the véran 
da of our cabin listening to the calls of owls, 
stone curlews, and nightiars. A distant bark 
of alarm from a sambar suggests a tiger on 
the prowl. Suddenly an unearthly sound 
that shakes the forest brings Hive and meout 
of our chairs. The back of my neck prickles. 
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All other sounds cease, These are the full- 
throated roars af two tigers in a life-and- 
death fight. For about ten minutes the roars 
continue. Then... quiet 

The terrible sound had come from the di- 
rection of Arjuna and his kill, The next dav 
we set outin the predawn chill. We find Ar- 
juna, soll with his sambar—but he is aimuch 
changed tiger. A huge swath of skin and 
flesh has been ripped away between his eves 





Almost hidden in shadow, an elusive tiger 
(facing page) watches the watcher, Stanley 
Breeden, who wees an ] l-foot triped to 
steady @ caomerd while working from atop 
an elephant in Konho National Park. The 
Hreedens, veteron wildlife photographers, 
located some of the park's 80 tigers by 
listening for alarm colls of langurs, deer, 
und birds, by watching for pow prints and 
drag marks of a kill, and by scanning dense 
cover where Higers conceal themeeclves, 


=~) 
aT 
tai 


and down his nose. Constantly he wipes a 
forepaw across it. We search for the other 
contestant. A mile distant We come upon 
Snarl, sitting in a thick patch of under- 
growth. He bears a few slight wounds on his 
shoulder and on the inside of one of his front 
legs, He snarls at us, eves burning: 

Three months later Arjuna is found dead 
about eight miles away. His face had fes- 
tered: unable to hunt, he had died. Snarl 
takes over his territory. 


NE DAY we sight a tigress and her 
three cubs under a beautiful Awly 
tree, its white sculptured bark a 






marvelous contrast to the surrounding black 


rocks, So we call her Kulu. 

It is May and hot, 105°F in the shade. 
Kulu has dragged her kill, a spotted deer 
stag, to a cool and protected place—a rock 
pool surrounded by bamboo. In the early 
morning all four tigers are crammed into the 
small water hole. Their coats, sleek and 
glossy, shine in the sunlight. 

After a few minutes Kulu gets up, walks 
up asmall rise, and lies down in the shade. 
First one cub, then another and another, 
joins her, rubbing faces or rubbing the 
whole length of their bodies under her chin. 
She rubs faces in return and licks them. 

Later that day we are out searching for t- 
gers in the heart of Snarl's territory and 
pause where a few pools of clear water re- 
main deep in a cool forest. We are about 
three miles from the place where Kulu usu- 
ally lives with her cubs. We are astonished to 
find her sitting beside a tiny pool in the bed 
of a steep-sided stream, What is she doing 
here? Why has she left her cubs? 

Kulu is restless and preoccupied. Nor- 
mally she would lie asleepin the water or on 
her back in the sand. But she keeps looking 
down the nullah, lashing her tail incessant- 
ly. Occasionally she moans softly, 

Suddenty she sits up, pricks her ears, and 
stares down the nullah, We follow her gaze. 
A mugnificent male tiger, lean, lithe, and 
powerful, slowly walks along the stream- 
bed, Within about 20 feet of Rulu, he flops 
down in the sand, It is Snarl, grown larger 
and more muscular in the months since he 
defeated Arjuna, 

Thisis no casual meeting. The easy famil- 
larity between the twois quite evident. Kulu 
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no longer lashes her tail. She lies down full- 
length in the sand. Snarl les with his head 
held regally high. 

Kulu snoozes, Then she gets up, yawns 
widely, stretches. Head low, she walks over 
to Snarl, who purrs in pleasure and frend- 
ship. They touch faces: The tigress lies 
down with all four feet under her, head on 
the sand. As darkness falls, Snarl gets up, 
walks over to Kulu, and straddles her. 

They mate. Snarl bites her neck roughly 
and growls. Kulu turns her head, curls her 
lips, and roars right into his face. He roars 
back. Snarl walks a few peces and flops 
down again. Kulu rolls sensually onto her 
back. Itis almost dark. 

We wonder why Kulu would mate when 
she already has eight-month-old cubs, They 
will be with her another 13 to 15 months. If 
she conceives, a new litter will be born in 
about three and a half months, No tiger in 
the wild could possibly look after two litters. 
This mating, then, is most unusual. 

A month passes. We sec Kulu and her 
cubs regularly, Snarl occasionally. One 
morning aftera heavy downpour we find the 
tracks of Kulu and her cubs—but also those 
of Snarl, They converge in a sandy nullah 
not far from where the pair had mated. 
There are signs of a struggle, spots of blood. 

As we round a bend, Snarl sneaks out ofa 
bamboo clump just ahead. Where he 
emerged, we find the remains of the male 
cub, Deep punctures in his throat show he 
died a violent death. Part of his hindquar- 
ters have been eaten. Snarl has killed again. 

We have not long to mourn the cub. A 
tiger roars nearby, and moments later Kulu 
appears. Briefly she sniffs her dead cub, 
then raises her head and roars loudh;— 
a sound unlike any we bave ever heard, 
She turns and is quickly joined by her 
remaining two cubs, 

They walk so close to her that she almost 
trips over them. The trio disappears into 
thick bamboo 


topraphers comes true. We will spend 
two and a half years making a National 
Geographic Television Special.” Most of 
that time we will workin Kanha. 
“Land of the Tiger" will air on PBS TY on 
Wednesday, January 16, 1985, 


| 1982 our dearest wish as wildlife pho- 
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The shrinking range of the tiger 


FIDESPREAD IN ASTA 
uritil the [ote 19th 

century, the tiger appears in 
the fossil record of the early 
Pleistocene, more than a 
million years ago. The 
carmivore adapted to diverse 
habitats and evolved into 
elght subspecies, or races, 
each with different size, coat 
pottern, and skull shape. In 
the past J@0 years, with 
pressure from big-game 


hunting and the destruction of 
habitat, muombers dwindled 
and some races disappeared. 
Now tigers enjoy protected 
status throughout their range. 
When India found that ite 
teer populotion hod follen 
from a possible 40,000 in 
10 to fewer than 2,000 by 
1972, the government joined 
with the World Wildlife Fund 
tn Project Tiger, Fifteen tiger 
reserves have Geen: set up, 
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SOVINg varied ecosystems— 
from the teak-and-bamboo 
forests of Maharashtra to the 
mangrove swamps of Bengal, 
Poachers have been tracked 
down, education stepped up, 
and some 6,000 villagers 
relocated to create these 
protected islands ina seo of 
humanity, The number of 
indian tigers hes risen today 
fo more than 3,000, a third in 
Project Tiger reserves 


Cooling off tn the heat of a June day 
l j ] a 
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We resume our pattern of tiger searching. 
On a cool April morning Blue rides on Shi- 
vaji with Sabir, his mahout. Shivaji is the 
pride of Kanha's elephants—a large male 
tusker, powerful and well proportioned, I 
am with Lucknoo, the best tracker and the 
mahout of a smallish female elephant called 
Pawan Kali. She is young, especially well 
trained, and good at standing absolutely 
still, which is essential for filming 

Soon Lucknoo spots tiger pugmarks in the 
sand—the larve prints ofa male. Deep green 
bamboo rises on either side of us. Its feather- 


like foliage reaches down to the grass, the 
golden stems looking like tiger stripes. Then 
Ll see something out of the comer of my eve 
that is more orange than vellow, with more 
black and more white than the bamboo. 

We move closer, pushing through foliage 
dripping with dew. There lies Langra, a su- 
per tiger of clean-cut pattern and classical 
features. He must welgh 500 pounds. 

Langra stares at us with pale eyes. He 
keeps staring, which is unusual. Tigers that 
are used to elephants, as is this one, 
ordinarily flop down and go back to sleep 
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ater a cursory inspection, We soon realize 
the reason. Half-hidtien by a patch of bam- 
boo lies the carcass of an enormous samba 
stag—the largest I have ever seen, alive o1 
dead, We retreat a short distance 

In the warmth of midmorning Langra 
leaves fora drink at asmall pool half a mile 
away. We take a closer lock at the sambar. 
Very little has been eaten, only about ten 
pounds of meat from the back of one bind 
lez, which suggests that be was killed only 
recently. [igers begin their feeding from the 


rump and work forward 
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I’m here: Nikhu sprovs a palm tree with 
uring and a glondular secretion (top) 
that together proclaim her presence, he 
heritory, Od, dura estris, fuer 
readiness to muate. Reacting to such scent 
markings, Quiz grimoaces (Left), thus 
opening ducts in her mouth fo an orean 
that “reads” the compounds 

A resident male moves through female 
territories of will. Some males on 
occasion kill cubs. [ll-tenpered Snar! 
pierced the throat of Kulu’s male cub 


(above) and ate part of the hindquarters 


= 


Langra killed the stag by seizing him by 
the throat anc then asphyxiating him. The 
deep puncture marks of the tigers huge ca- 
nines are Clearly visible. We see that the kul! 
was actually madein the sandy nullah, after 
which the carcass was dragmed about 150 

to the protection of the 
where it isinvisible to even the keenest-eved 


vulture, Weighing some 700 pounds, the 


CLIT) Eee, 


deer was much heavier than the tiger, but 
Langra moved it on his own 


LEPHANTS PROVIDE the onk 
means by which we can follow tigers 


inte the forest. But the big animals 


are slow and must rest frequently, For long 
forays oVer open Lerrain We USE Our Jeep 

In central Kanha lives another territorial 
male. When we first meet him, some weeks 
after ourencounter with Lanegra, the weath 
er has again become hot. Water holes are the 
focal points for both tigers and their prey 
We stop our jeep at the largest of the pools to 
sec Which animals mav have come to drink 
The water hole is deserted 

Langur monkevs sit high in the trees, and 
the troop's adult male barks occasionally in 
alarm: A large predator must lurk where the 
monkeys can see it. We drive closer to scan 
the entire pond, and we spot the tiger. Alis 
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Mating begins with a nuzzle 
Dut ends with a roar, During 
a eo # I i fepriceli 4 eo 
Eat iis, Ble Fee Toes 
courtship witht th 

trirsient male 


I \ H (Pe 
Stroiis up to the reclining 


(fahove), arousing kisi 

In a noisy finale (right), never 

2 photographed in the wild, 
haress Banseri, left, mbes 
with Langra. Mating episodes 


- +! 
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ore repected for up to three doves 


IfPoonception occurs, a litter will 


be born in about [00 dave: if not, 
the female comes info estrus 
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crigantic shaggy head is raised high—he 1 


watching us and trying to catch our scent 
The rest of his body is hidden bY grass and 
the water in which he lies 


Satisfied that we pose no threat, he lies 


down again, panting heavily. Tigers in 
Kanha are not used to vehicles and usuallh 
run when they see one, Encouraged by his 
disregard, we edge the open jeep closer 
I inally we come within 50 feet, close enough 
to see that he has just eaten an enormous 
meal. His stomach is grossly distended. He 


is panting so hard that waves emanate from 


his heavy body and ripple across the pond 


For an howr we sit in the shade of a tall 
saa tree watching this giant in fascination. 
He ignores us, vawning disdainfully. His 
worn yellow teeth tell us that he is old, The 
tip of his lower night canine 1s broken of! 

After an especially wide yawn, groaning 
with the effort, the tiger gets up and stretch- 
es dripping water and mud. Heiseven larg- 
Langra, around 550 
pounds. He walks directly toward us. In the 
late sun he shares the saja tree's shade. No 
more than 15 feet from our jeep he sits and 


er than weighing 


With long-sought trust, Bonseri nurses her cubs within 50 feet of the authors 


who had watched her movements since she gave birth ina cove five montis earite 
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hicks the mud off his coat. We call him Saja 
after the tree that blesses us with its shade 

Ver since, We DAVE enjoyed a special re: 
lationship with a] so When he Spies us, he 
often comes over and sits by our vehicle. 


Saja occupies Snarl's old territory 
malevolent Snarl was not invincible 

When we are with wild tigers, when the 
great cats show that they trust us, we feel as 
though nature has revealed one of its great- 
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est treasures: Lhesé feelings are engendered 
by the tiger's awesome presence, its power, 
and its uncanny ability to appear suddenly 


and quictly and equally suddenly vanish 
from sight. There is something special about 
being close to a lone hunter who moves by 
stealth anc 1s rarely seen. 

This teeling of privilege is heightened by 
Knowing we are close to an animal that 1s not 
only formidable but also extremely rare. 
The tiger, because of overhunting and the 
massive destruction of its habitat, ts an en- 
dangered species throughout its range 

Al times we seem to develop an extra 
sense about tiger c tohavea special rapport 
with them (Continued on page 768) 


OOoon Tote WEdrled, the cubs accompony Bansert to her kills. Over the next rrionths 


they will learn to hunt; meanwhile, she sometimes cripples prey for them to dispatch. 








Tale of persistence stars 
Abu, an ageress(ve male in 
Ranthombhor At sunrise the 
authors were drawn to. this 
water-lily-choked lake by 
calls of alarm—the resonant 
bark of sambars, the cough of 
langurs,; the honk of 
peacocks: There they found a 
perplexed Abu storing at the 
water (left). Twice he waded 
in, snarling and hissing 
(lower left). But each time 
he chonged his mind ond 
retreated to continue his long 
vigil A few heures later, 150 
feet away, the carcass of a 
sambar appecred on the 
surface surrounded by four 
muggers, the freshwater 
crocodiles of India. Possibly 


when Abu killed the deer in 
the water, the crocs 
frightened him off. Finally in 
late afternoon Abu regained 
his courage-and charged 
through the lilies, He grasped 
the sambar at the throat! 
(above) and, struggling with 
the heavy victim, swan his 
supper back to shore, 
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On great cot feet a tiger stalks a chital shearing teeth, pulls out intestines with 
Be 


(left), which carmot 4 


the predator LT LTLcSsors, dnd carefully emmeias t tie rlonert 


Te -7 i 7 r ‘a “7 PS J i 2 
te dry press. Before making its final sock. The tongue, rough of @ scraper 
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sound during the 20-minute stalk, meat makes an averag 


Life a released spring, Abu explodes 
across the shallows (below), driving a 
Saribar fawn into deep water where he 
Will Dring if down with a powerful bite In 
fhe neck, his canines piercing the 
vertebrae. An exceptional animal, Abu 
charge 5 Trois far as 150 feet: most 
ie rs dispidy only short bursts of speed 
If tt e hunter misses, as the average adult 
does perhaps 19 out of 20 times, it gives 
Lil D OT Shee oO cite Pent prey, MIME Coes 
ly ‘ing in wait beside a game troll or 
witer hole 

With mo concent for a former mate, 
Mario feasts (right) on asambar doe he 
stole from Lokshnn. Festidiows ewen 
when fomished, o fiver carefully dresses 
its Prey Lickin goawoy any blood, & 
thn LET the sein uf the hindaucarters captth 


creeps to within 40 feet, is cleans the bores. In the enc only trie 


Forty pounds of 
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Though sometimes within ten feet of them, 
we rarely know fear. They come up to us, or 
let us approach them, openly and mquisi- 
tively. Never have they stalked us, and only 
once have we been rushed in anger 

We never feed them or stake out baits to 
win their trust. We feel our niutual respect 
would sufferifthe tigers came to see us mere- 
ly as providers of food 


E REGULARLY SIGHT five 
adult tigresses in Kanha. The 


beautiful, quixotic, and aggressive 
Banseri (after the Hindi word for bamboo 
flute) we come to know best. We have spent 
more time with her than any other tiger 
Perhaps Hanseri becomes my favorite 
tiger because of the startling intimacy of 
our initial meeting. The first of the mon- 
soon rains have come and gone. It is a 
bright morning in early July, sparkling with 
dew and clear light. Blue and | watch six 


elephants and their riders comb a small 
meadow searching for tigers. The mahouts 
see nothing of interestand move out of sight 

I decide that it is safe enough to go bird- 
watching. I follow a narrow animal trail 
that traverses the meadow, Across it l walk 
up the bank of a damp pully. Rising out of 
the three-foot-high grass, like slow fire, 
looms the head of a tiger about 15 feet away. 

[ look straight into Banseri's eyes, and | 
turn to ice. The cat is ready to spring. Our 
eyes lock for only a split second. Then she 
roars deafeningly, wheels, and runs off, 

l walk back on rubbery legs to the jeep. 
There is no time to dwell on the incident 
Soon Sabir, riding the tusker Shiva, comes 
up excitedly to tell us they have found a 
tiger. It had come running from behind 
thern. It is Banseri, fully stretched out and 
completely relaxed on the topmost rock of an 
outcrop of boulders. Trailing wisps of bam- 
boo screen heron all sictes. 








Fiercely possessive, Lakshmi lies close to her chital stag-dinner to protect if 
from other tigers and scavengers. So protective are tigers of thetr Rill that they 
fend off even small creatures like birds. After eating her fil, Lakshmi will 
cover the remains with leaves for her next meal With another kill—a sambar 
doe brought down ino steep streambed—she could not drag the carcass fo 
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Theretsonlyoneclearview of ber,fromoa don't see them until April, when Bancser 


rocky ledge. It is wide enough tor an ele emerges from a cave followed by two small 

phanttostandonbuthasroomforonilythree cubs about four months old 

of his legs. Sabir gingerly maneuvers Shivaji 4.month Later the family moves down the 

mto position. The ledge is less than 1? feet slope to a small, flat area of bamboo: The 

from Bansern and slightly below her yround is covered with large, drv leaves 
Banseri at first acknowledges my pres- Ganseri lies on her side, stretches luxuriant- 

ence by no more than a raised evebrow. | be ly. First one cub, then the other, comes over 


mntofilm. [lookuptromthecameratofind, torub faces with herandto nurse. [tisutter 

once more, myeves locked with those ofthe Iv beguiling: the cubs, paws resting on thei 

tigress. [his ime we stare longer mother’s flank, their faces moving up and 
Because a direct stare can be a challenge down with ber breathing. nurée and nurse. 

to some animals, | eventually look away, For45 minutes they suckle uninterruptedh 

Perhaps she recognizes me from our earlier 

encounter, for she hisses, spits, ancl snarls a0 SEARCH OUT TIGERS in a ver 





with her lips curled back. The moment different habitat, we move on to 
passes, Banseri slumps, drapes herself over | Ranthambhor, about 370 miles 
the rock, and sleeps northwest of Kanha. [The park consist 


As the months go by, there are periods mostly of low, rounded hills covered with 
when we see Banseri almost daily. In late semiarid scrub. But lakes lie cradled in the 
January we notice as she hes beside her kill hills, and itis because of this permanent wa 
that she has swollen teats. She hascubs! We ter that tigers and their prey flourish here 
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cower and tried, unsuccessfully, to hide tt with rocks (above). Ordinarily tigers 
feed only on other w clellite. hut Pl frare matonce hey oftfack fuounse. Sometime: 
the tiitri-eaters dre wourtded titers or those disturbed by farmers who move 
cattle and plant fields tnaide the animals’ ranges: Dozens of deaths have beer 


attnbuted to tigers cach weer tn fidia, for fewer than those blamed oan vlenha nis 


hizver! Lard of ihe fadian Jing P6G 


The terrain i4 too rocky and scrubby for 
élephants. We fallow th 


wep. Blue drives while [sit in the back wilh 


Des In An Open 


the camera mounted on a short tripod. It is 
ideal for filming. Being lower and no longes 


ephant, we have a 





[ie chen dit LOD of ane 
closer, more intimate view of the fgers 

On a cool morning in early spring we find 
the tigress we call Links (the pattern on 
tail resembles links 1 chain), She 1s 
stretched out on a prominent rock, absorb 
VY Warmin 


werined, she 
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Lhorourghl,y VAWHhE Once, 
then twice 
leaps down into the grass. Ve 
and muscular form. She 


I} 
throwen a 


[n one fluid motion she rises anc 
follow her 
bright, compact, 
walks 
occasional trees standing in a ste of 

From a thicket of bushes and trees erupts 
rox of alarm; we 


kok. 
see the bird flv up in panic. 
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on its Kill. Walking, 


the chistur- 


Father in the bushes, 
down on the 
When they find a lige 
then trotting, Links 
hance. We expect her to be greeted by roars 
from another tiger defending tts kil 

instead, a ju nile cat, about the size o 
ordinary house cat, runs off. lt had caughta 
Ss prompt ly steals. ‘I he 
tigress picks the bird up in her jaws, butin 
such a way that its wings fan out and covet 
hereves. She blunc 


She tries walking backward, with no better 
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peahen, which Lin 





ers into bushes and trees, 





The more Links runs into obstruc- 
the more confused she becomes. Al- 
most panic-stricken, she finally sits down 
Vision restored, she eats the bird, After her 
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in - midafternoon Links walks to the edge 
of the thicket and scans the prasslanc. A 


herd of spotted deer is emerging from the 
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Mirdaresarer: Cre erate 


distant tree line. We are alerted by the 
change in her. She is suddenly tense, al) 
senses directed at the deer, waiting intently 
as they move nearer. We back off a little so 
that we are no longer between Links and the 
herd. Slowly, almost imperceptibly, the ti- 
press rises toa halt crouch and slinks intothe 
thicker grass. All we can see are the white 
spots on the backs of her ears, 

she has gone 40 yards or so when she turns 
back in our direction, staring directly at us 
with an intensity we had not experienced 
before. Slowly she turns completely around 
and comes straight toward the jeep 

We shift in our seats. Has she become 50 
hungry she is stulking us? 

Instinctively looking behind me, I see 
whatsheis stalking, A yearling male sambar 
is Walking up behind us. The wily Links is 
using usascover. [he unsuspecting sambar 
comes ever closer, 
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Links 1s crouched, frozen, taut muscles 
slanding out im ridges under her smooth 
skin. Tautness and tension explode in one 
gigantic leap. With the claws of her front 
paws out and straming, Links reaches for 
the sambar. He barks tn fright. and races off, 
Links hot on his heels. Her claws must have 
grazed his skin, but he escapes 

Fifteen times we have seen tigers stalk 
a deer. Not once cid they kill their prev 
Few attacks, perhaps only one in twenty, 
are successful. 


ACITED AS WE ARE by these expe- 
niences, they pale into insignificance 
when Abu makes his presence felt 

Abu turns out to be a supertiger, one of ex- 

LTraordinary power and assertiveness. He is 

faster, stronger, more athletic than any we 

have ever met. When be makes his move, he 
does so with great determination and force 

Yet he is-no larger and certainly less bulky 

than the other fully acult males with which 

we have been involved 

Abu is without malice. We often ap 
proach him very closely without being 
threatened. More than once he uses our jecp 
as cover to stalk a sambar or spotted deer 

On a chill and moonless night we sit be 
side a comforting fire under a huge banyan 
tree with our friend Fateh Singh Rathore, 
Held director of Ranthambhor. Halfway 
through our evening meal, a full-throated 
roar resounds across the lake. Agam and 
again the tiger roars, ever closer 

We had never recorded such calls. We 
unceremoniously leave our dinner, grab our 
tape recorder, and race off in the jeep, 
though Ul prepared, The jeép's battery is 
almost dead; we can use our headlights 
only sparingly. Our tlashlight procuces only 
a glimmer, 

The tiger is still roaring as we set off, but 
soon he falls silent. We stop where we think 
he has last called, and Blue sets up the re- 
corder, Only the stars, crackling and blazing 





Expert at doing nothing, tigers spend 
most of their time conserving energy for 
the hier. Lakshmi lolls in the dry leaves 


after feeding for three days on a chital 


stag. She won't hunt for bwo more days 
ina cycle of work-and rest 





in the cold sky, give us licht—we are sur- 
prised at how much we can see, But we hear 
rather than see the tiger. Now he roars with 
full force only 40 or 50 feetfrom us—a thun- 
dering sound that makes our hair stand on 
end and our blood run cold. 

Assuddenly as they becan, the roars stop. 
In the silence, our senses heightened by the 
flow of adrenaline, we can hear the faintest 
cricket chirp. An owl calling softly overhead 
startles us unreasonably, The crackling 
sound of footsteps on dry leaves and twigs 
comes toward us. 

In the faint ight we see the tiger emerging 
from the underbrush. He advances purpose- 
fully and steadily. When he isclose, perhaps 
20 feet, we turn on our feeble flashlight. Its 
beam is just enough to identify Abu. He 
walks past without a glance at us. 

For four bours Abu walks around and 
roars, his volume never diminishing. Never 
before or since have we heard a tiger roar or 
produce any other sound for such a sus- 
tained period, 


AMBARS become compulsive lake 
visitors as March ends. Hers of as 
many as 50 animals descend from the 

hills two and sometimes three times a day to 
drink and to feed greedily on the water lilies. 
To reach the water, the sambars must walk 
through tall grass that fringes the lakes. This 
iswhenthevare most vulnerable toambush, 
in which Abu specializes. 

Cine morning we track Abu to a lake 
where his pugmarks. disappear into the 
grass, [hey do not reappear at the other 
side. We place ourselves with a good view 
of where we think the tiger will make 
his rush. Sambars arrive at the lake but 
stay on the opposite shore. Constantly they 
test the air with their sensitive noses. 
More deer come as the day wears on; the 
increase in numbers gives them confidence. 
Walking through the shallows, nibbling 
at waterweeds, they slowly move toward 
Abu’'s hiding place. 

We see him begin to stalk. Slowly he 





creeps to the edge of the grass, Only a thin 
screen hides him, He lies down. None of the 
deer can see the tiger sitting immobile some 
60 feet from them. 

A doe with asmall fawn at heel finally de- 
tects Abu, perhaps scenting him on the light 
breeze. She wheels. Before che has taken a 
Single running step, Abu, inan explosion of 
power and speed, bursts from cover and 
chases the herd into deeper water. 

In four gigantic bounds Abu pounces on 
the fawn, pushes itunderwater, and grabs it 
in his powerful jaws. He shakes it. Trotting 
back to shore, he disappears into the grass. 
The sambars have vanished. In a few mo- 
ments birds sing again and monkeys resume 
play. [tis as though nothing has happened. 

For the first time in a decade of tiger- 
watching, we have witnessed a kill. 


chase, be 1s even more tenacious 

when it comes to defending nis kill. 
Blue and I know this too well. We watch for 
hours one day as he struggles to reclaim his 
sambar prey from the crocs in the lake and 
then haul it ashore and into the forest, He is 
eating hungrily when we approach him. 

For Abu, our intrusion seems the last 
straw. Without warning he charges, bowned- 
Ing right up to the front of the jeep—claws 
lashing out, teeth bared. 

We shout and wave our cameras and 
whatever else we can grab in his face. At the 
last moment he relents. Gerowling under his 
breath, he returns to his kill. As we slowly 
back away, he dashes snarling at us again, 
but we are able to keep our distance, 

We can only assume that the tensions of 
the day have put Abu on edge. We had been 
much closer to him before, and have been 
since, without a threat from him. 

Atew davs before we leave Ranthambhar 
and tigercountry, Abu and Links get togeth- 
er, and we manage to film them in some- 
times tender, sometimes violent intimacy, 
Our tiger story, thanks to Abu the super- 
tiger, ie complete, [] 


He ER RESOLUTE Abu is in the 


y of the beast refiects from a forest pool that draws animals of Kanha from 


great: distances during the dry season. The tigress is ever aware of other tigers tn 
her vicinity in order to avoid encounters. Brought back from the edge of extinction, 
the tiger remains.on enduring part of India’s wildlife heritage. 


Tiger! Lord of the Indian Jungle 
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RARE LOOK AT SPERM AND BLUE WHALES 
(UTA GHIA CULES 


By HAL WHITEHEAD 





Surprisingly agile for its imposing size, a sperm whale 
heads for the depths of the Indian Ocean. The giant 
has been hunted for its prize oil for centuries, yet the 
mysteries of its behavior are just now being unraveled. 


Photographs by FLIP NICKLIN 
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Six lolting sperm whales (above) chat in thet 


Sr Lanka hos won woerkdwide gratitude and 
nysterious Clicking lnguige. Lodas—piigue cmeratuiations for its role in estoblishing 
patierns of clicks—may permit tndividuals ta the [ndian Ocean as an international morine 
identify each other. Other clicks may oct as sonor th momnoissonctuary. Leaders in that effort have 

= ', been Sri Lanka's Wational Aquatic Reangurces 
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TiS AT NIGHT that! feel closest to 

the sperm whales, During this three- 

hour watch my four fellow crew mem- 

bers aboard the research vessel Tulip 

are asicep, and 1am alone with the sounds. 

Through a sensitive hydrophone sus- 

pended beneath Twiip, | hear the clicks of a 

family group of about 15 whales half a mile 

below me, spréad out over an area of several 

square miles. Somé of the whales are silent, 

but most are clicking regularly, about once 

every second, as they hunt for food in the 

depths. To me they sound like several gal- 
loping horses. 

Most scientists believe that these regular 
clicks are a form of echolocation by which 
sperm whales find their prey and home inen 
it. As | listen, one of the louder series of 
clicks suddenly pauses, then begins again at 
a faster rate—perhaps three clicks a second. 

I can visualize the scene below as the 
whale approaches its prey, probably squid 
or fish. The clicks grow faster as the distance 
narrows, until the whale sounds like a 
creaking door. Then all at once the clicks 
stop abruptly, and the hunt is.over. Soona 
different series of clicks begins to speed up, 
and another chase is on. 

Such nightly foraging is vital to these 
sperm whales, who must fuel their massive 
12-ton bodies with an average of about SM 
pounds of squid and fish a day. 

Over the past three years my colleagues 
and [| have studied these fascinating, little. 
known creatures in the waters off Sri Lanka 
in the Indian Ocean (map, lefti, We soon 
learned that although the whales have eyes, 
and sometimes seem to be studving ws, 
sound is more important to them than vi- 
sion. It is principally with their clicks that 
they “see” the world around them. 

Thus, to me, these clicks resounding in 
the depths give a clearer sense of the life of 
the sperm whale than do the strange, wrin- 
kled bodies we see in daviig¢ht on the surface. 

But the clicks are more than a means of 
echolocation; they appear to be a form of 
communication, Dr. William Watkins of 
the Woods Hole Oceanographic Institution 
in Massachusetts has cetected what he calls 
codas, which are distinctive patterns of 
clicks that svem to be different for each indli- 
vidual whale. 

We often hear these codas when the 


whales are socializing—maneuvering close 
to one another at or near the surface, usually 
at midday. The whales seem to “talk” by 
means of the codas in patterns we have come 
to recognize but cannot yet understand. 

During my three-hour watch that night T 
heard few codas, for the whales were al 
work down below, hunting rather than so- 
cializing. As dawn swept the ocean, I] knew 
my colleagues and I would soon be able to 
see the whales. 

We were a well-matched team: Jonathan 
Gordon, an English research student at the 
University of Cambridge doing his doctoral 
thesis on sperm whales; Americans Margo 
Rice and Martha Smythe, both experienced 
observers of whales; Gay Alling, a graduate 
student at Yale University interested in dol- 
phins and the smaller whales; and I, a re- 
seurch associate at the Newfoundland 
Institute for Cold Ocean Science at Memori- 
‘al University in St. John’s. 

We were all along way from home, and so 
was Julip. She was built in France as a sail- 
ing yacht, with a 33-foot fiberglass hull, a 
25-horsepower diesel engine, and room 
enough below to sleep five. She had been 
named after the flower symbolic of the 
Netherlands, in honor of the country whose 
people supplied funds for our study through 
the World Wildlife Fund of the Netherlands 
and the International Union for Conserva- 
tion of Nature (IUCN). 

Over the course of our study between 
1981 and 1984, a dogen students and sci- 
entists, all sailors, were to come and go 
aboard Tulip, but that April morning of 
1983 was typical in terms of crew and daily 
routine. 


(STHE EASTERN SKY grew lighter, 
A I adjusted Tulip’s sails and self. 
, steering gear to a headingof 135°, the 
direction the whales were moving at a lei- 
surely two knots. Then I went below, put 
the kettle on for tea, made an entry in the 
ship's log, and shook Martha lichtly, 

“Wake up. Your watch—we're still with 
the whales.” 

Minutes later Martha came on deck with 
two steaming mugs and handed me one. 
“Where are the whales?" she asked. 

“Heading southeast at about two.knots, "1 
said, “You'll hear them on the hydrophone.” 
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Bul our portrait was still incomplete. As 
the smooth slick from the whale's sounding 
began to spread, we hurried to the spot and 
with a dip net scooped up some of the feces 
she had released on chiving. As usual the fe 
ces contained squid beaks, one of the few 
materials that seem to survive the Sperm 
whale’'s digestive system (below), Most of 
the beaks were almost half an inch lone, 
remnants of squid roughly one to two feet in 
length and two to four pounds in weight 
Wine beak, however, measured roughly an 
inch, indicating a squid about seven feet 
long and weighing as much as 80 pounds 


ROM AUNDREDS of such dav 
And nights we slowly gathered data 
il on what Herman Melville described 
in Moby Gick as “the most formidable of 
all whales to encounter; the most majestic 
in aspect.” Probably Melville was referring 
to the full-grown bull sperm whale, which 
can reach a length of 60 feet anc a weiht of 
more than 60 tons. During our study, how- 
ever, we encountered one species of whale 
that is more majestic if not more formidable 
than the bull sperm whale. This is the great 
blue whale (pages 786-9), whose bulk can 














With misguided affection, a newborn 
calf (feft) nurzles the hull of Tulip. The 
author theorized that the calf may have 


nustaken the pings of the bout'’s depth 


smunider for the clicking noises of its 
ngrent. [a study feeding behavior, which 
occurs at great depths, crew members 
sather whale feces (right) as indirec| 
evidence, [he feces contained squid 
Dees (above) which were saved for 
species identification 


fhe Unknown Giants 


$3 African elephants and 
which remains the largest creature ever to 
inhabrt the earth. 

Vet despite its somewhat smaller size, the 
sperm Whale to mw is amore fascinating ani- 
mal, one that has few equals when it comes 
to concentrated might. Among all the preat 
whales the sperm whale alone has teeth; the 
rest have baleen with which to strain their 
food from the sea 

C)n the surface the sperm whale is admit- 
tediy unimpressive, resembling a huge, 
wrinkled log. Were it not for the periodic 
blows, in fact, one might scarcely know the 
great animal was alive: 


equal that ot 





Once underwater, however, sperm 
Whales are different creatwres—flexible. 


graceful, wonderfully maneuverable 

sill, the sperm whale is decicledly weird 
In. appearance. [ts front quarter consists of 
An cnormous bulging case,” avast forehead 
hiled with the finest oil known toman. Early 
whalers mistook the oil for sperm and 
named the anmmal accordingly. Once the 
oil's value was known, the sperm whale was 
relentlessly hunted down and reduced from 
estimated original stocks of more than a mil- 
lion to seweral hundred thousand today 
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evidence af very recent birth. Early on the 
second morning an adult whale, whose cal- 
lus on the dorsal fin identified it as a female, 
suddenly surfaced 30 yards off Twlip’s bow, 
Hexing her body so that at times both her 
head and flukes were out of the water. Mo- 
ments later she rolled over, presenting her 
belly tous, asa torrent of blood gushed from 
her genital area. A dark object followed, 
miuterializine within seconds into a tiny 
sperm Whale calf with curled flukes and a 
bent dorsal, bobbing alongside its mother 

Lindy was instantly overboard with a 
mask and snorkel, and I was up the mast 
We watched in amazement as the calf sepa- 
rated itself from its mother and approached 
closer and closer to Lindy. 

“Tl could see the umbilicus attached to the 
calf,” Lindy satd later, “as well as the after- 
birth protruding from the mother. | was as- 
tonished that the calf had bright blue eyes.” 

5o00n Lhe cali was put through a rigorous 
ordeal. Four adults gathered to mspect the 
newcomer, pushing and squeezing it among 


themselves as though to get closest to it. At 
one point the calf was lifted bodily out of the 
water, Finally the visitors retired, and the 
calf caught sight of Lindy again, hovering a 
dozen yarcus away. Obviously intrigued, the 
calf swam clumsily over to investigate ancl 
stoppeda yard from Lindy while the mother 
hung back, watching. 

Lindy was awed by being within touching 
distance of such a newly born creature, 

Later, When Lindy returnecaboard, Car 
oline remarked, “You know, that calf spent 
mare time with you in the first half hour of its 
life than it dicl with its mother!" 

As the calf hung motionless inspecting 
Lindy, itsuddenly discovered Julp 

funps propeller was stopped, but the 
echo sounder was operating, emitting a se- 
nies of pings. To Lindy's surprise, the cali 
swam over and nuzzled the boat's hull 
where the echo sounder was located, posst- 
bly mistaking flip for another adult 

By this time there was no longer any sign 
of the calf's mother. We were horrified at the 








thought of the calfas an abandoned wail, a 
victim of starvation.or of the first predator to 
come along, There was nothing we could do 
but leave, for to stay with the calf-might pre- 
vent the mother from rejoining her off- 
spring. An hour later, to our great relief, we 
saw an adult female—the mother or some 
other member of the group—with the calf. 


| OR ALL their decimation of whales, 
#4 commercial whalers left one useful 


. jegacy to the conservationists: They 
have told them where to look for survivors. 
In choosing the area for our study, Jonathan 
Gordon and I had examined |19th-century 
records that described the Indian Ocean asa 
vast and inexhaustible whale sanctuary. 

Inexhaustible it is not, but a sanctuary it 
has become, thanks largely to the govern- 
ment of the Seychelles. In 1979 the Sey- 
chelles proposed the Indian Ocean as an 
international refuge for whales and suggest- 
ed that studies of them be conducted there. 

Ours was one of the first studies, and dur- 
ing it we encountered nol only sperm whales 
but also giant blues, Bryde’s whales, and 
rare beaked whales. We also heard the 
haunting underwater songs of humpbacks. 
We saw dolphins, too, and thanks to Gay 
Alling’s research, Sri Lankans are aware of 
the tragedy befalling these beautiful crea- 
tures. Throughout the Indian Ocean, as 
elsewhere, they are being unintentionally 
caught and killed by the tens of thousands in 
drift nets set by commercial fishermen. 

Noris the Indian Ocean entirely safe from 
whaling. Although the International Whal- 
ing Commission has declared a worldwide 
moratorium on commercial whaling begin- 
ning in 1986, Japan and the Soviet Union 
have objected and may continue whaling, 
possibly in the southern Indian Ocean. 

In the long run education will also help 
save the whales. As one of the most impor- 
tantelements of our work, Margo Rice visit- 
ed the schools of Sri Lanka and talked with 
the students about whales, the ocean, and 
their conservation. The response from her 


audiences was enthusiastic, but Margo's tec- 
tures—like the Tulip project itself—are only 
a beginning on which we must capitalize. 

And what does Tulip leave in her wake? 
To begin with, identification of more than 
200 individual sperm whales, with invalu- 
able data on their lives and behavior. Asour 
research continues and the identification 
files grow, scientists will be able to expiore 
the long-term relationships among sperm 
whales, to trace their hame ranges, and to 
estimate their numbers far more accurately, 

During our days spent tracking the 
whales, we charted their exact movements. 
We recorded their daily routines of resting, 
feeding, and socializing, for instance the re- 
ciprocal way in which groups of females.care 
for one another's young. Thus the elaborate 
and hitherto little-known social relation- 
ships among these mysterious animals have 
begun to unfold, 

Research techniques developed aboard 
Tulip prove that sperm whales need not be 
killed to investigate their populations. Most 
information provided by examining slaugh- 
tered carcasses can, with sufficient time and 
effort, be obtained by methods used and re- 
fined aboard Tuitp. 

But there is more to whale research than 
numbers. During our stucy we were privi- 
leged to live in the waters with the whales 
and dolphins, toswim with them and probe 
the surface of their great secrets. That privi- 
lege was the gift of many genérous people 
from the Netherlands, the World Wildlife 
Fund, and the IUCN. The National Geo- 
graphic Society contributed superb photog- 
raphy, and the Sri Lankan government's 
National Aquatic Resources Agency fur- 
nished invaluable advice and support. 

More such people and additional research 
are needed if whales and dolphins are to be 
protected against the accelerated use and 
development of their environment by man. 

Now, whenever I put on the headphones 
and hear the whales sounding the mysteries 
af their strange world, I pray that the oceans 
may never be silent. oe # 


(n its ceaseless commute, a sperm whale heads for the depths to hunt ofter taking 
air, Analysis of stomach contents suggests that it may dive as deep as two miles. But 
the extent of its realm, Like much of its behavior, remains unknown, “Far above all 
other hunted whales,” wrote Hernan Melville, “his is an unwritten life.” 
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BLUE WHA DKS 


Looming like a submarine, a young blue whale off the coast of 
Sri Lanka measures about 45 feet long. With maximum lengths 
of nearly 100 feet, blue whales easily outstrip dinosaurs as the 
largest animals ever to live on earth. 

Biwes start out big—20 to 25 feet at birth —and gain weight at 
the rate of 200 pounds a day while nursing. After weaning, 
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they are finicky eaters, feeding almost exclusively on certain 
species of krill. 

The whale’s size and speed discouraged harvesting until steam- 
powered ships and guns that fired explosive-tipped harpoons 
were [ntroduced in the late 1800s, Subsequent slaughter reached 
a peak in 1931, when nearly 30,000 were killed. Under pressure 
from the International Whaling Commission, hunting nations in 
1966 agreed to worldwide protection of the blue. 
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“LTheoneless traveled by... 





PHOTOGRAPHS AND TEAT B'‘ 
BRUCE DALE 





FP WALKED MY EAR OFF, did “Aun road. He v 


Was a tax collector who drove his 
He” Frances Wood. Oh. well, lwues one-seatecl buggy from home to home and 
she's earned the right. For40ofher91 was often invited to stay to dinner. He 
years she taught school. Her great wouldn't be welcome today, Auntie said, 
oreat-erandfather came to West Goulds- “Nowadays nobody would be to home.” 
boro, Maine, to build roads in thé e«arh That's her picture above, waving good 
18303, and as a child she bounced along bye. I was just beginning my own journey 
what was to become U.5. Route lin car- downthis first U, 5. highway to reach trom 
riages whose hard bottoms are still vividin Canada to Key West 


it Li ETS fl lint i[ 
her memory. Her uncle also traveled the ground 
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~"Votoring 


FR VHE AUTOMOBILE had begun the 
| revolution of American life by the 
1920s, and freewheeling families took to 
the road by the millions. The Federal High- 
way Actof 1921 unified the rapidly growimeg 
system of roads under the slogan “Get the 
farmer out of the mud.” U.S: Route | was 
designated in 1925. For 40 years it flour- 
ished as the East Coast's premier highway 
during the golden age of motoring. 

Inthe far north the road was buried under 
snow half the year; during the other halt, 
motorcycle cop Sam Michaud (below), still 
living in Van Buren, Mame, rode in mud or 


Pe Pe fel mai 


Linking 14 states, Route | stretched 2,500) 
miles from Fort Rent, Afoine, te Key Wiest, 
Florida, when it was completed in 1938 
Interstate 95, part of the stil! uncompleted 
lornited—aocess eyatem launched in 1956, 
roughty paraiieis Rowe | but Beare more 
directly south from Petersburg, Virginia, to 
Jacksonville; Florida, saving the traveler 
100 miles ond many hours, 


National Geographic, December [¥d4 


out of the mud... 


stifling dust. He didn't bother much with Route i, still dirtinthe 1920s, were regarded 
bootleggers during Prohibition. In fact, he as satisfactory if the mud didn’t top travel- 


says, lL used to get a little bit myself,” ers’ boots. South of Washington, D.C... in 
Many highway stretches were once coach 1918, below right, construction workers 


roads that connected towns of the 13 colo- struggle inspring ruts near what is now Fort 
niés. From Baltimore north the road linked Belvoir. In the cities, cars vie with trolies 


seaports—Philadelphia, New York, Bos traffic, as shown on: West Broad Street in 
ton. South of Baltimore it veered inlandto Westerly, Rhode Island, in the mid-1920s, 
connect communities that had grown up 2 heiow left. Route | soon became synony- 
the farthest points of naviration in aay mous with Vacation trips to Florida, where 
rivers, such as Richmond on the James in 1922, bottom, travelers ten lor oranges 


verland travel was pard is andadven- Hut the halcyon days ended in the early '60s 
ture for 300 years, and many wrote wills be- asthe United States geared up the Interstate 
fore starting out. Some sections that became Highway System 
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re YIME has now bypassed 
Route 1. You can still drive 
its entire length, but long- 


distance travelers don't wse it 
much any more. Too slow, they 
sav. Some add that the highway 
is also too dangerous; “Old 
Bloody,” they call it, Most prefes 
Interstate G5, butas ‘atte itec1- 
access highway it whisks the 
traveler past the towns and 
Wiliawres of the eastern seaboard 
and pastits 80 million people 
with hardly a friendly glance 

Route 1 1s almost suffocated 
with access, Many folks back out 
of their driveways onto it. Where 
it strugeles through huge anc 
indifferent cities, it's jwst another 
street. In the country it divides a 
landscape of sagging toolsheds, 
Fuest cottages, old billboards. 
and rusting a5 pumps 
overgrown with wisteria. 

Have you ever driven through 
i museum? [Chat's Route 1, an 
open-air exhibition whose 
nde change with the seasons. 
The old car peering from its 
garage | photographed? in Mauve; 
I ike! the way the flowers 
swayed in the breeze 

The abandoned! pas station 
and store near Waycross, 
Georgia, leit, was t 
remote sections. When the 
Interstates took the tourists 
away, many businesses foldes 

“Tt used to be the old] General 
Patton Store,” neighbor Nora 
Gene Brooks told me. “It was 
owned by Mr. Mi Nace. but I 
always called him *Unele Mac.’ 
He was a good old man. There'd 
be potholes in the highway in 
front of the store, and he'd eet a 
‘| and fill ‘em in.” 

The old Ford tractor, 
festooned with weeds, plowed 
many 2 field near Norlina. North 
Carolina. Its owner, Mr. Theo 
Hecht, boweht-it from a man“on 
the condition we would nat let 
the junkman have it.” 
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EOPLE f MET—some ot 
'them—are pictured on these 
pages. Sure, they're all as 
different as Connecticut Yankees and 
Georgia Crackers. Hut what they seem 
to share isa deep and quieting sense of 
home, of belonging tL hey are the 
bedrock fora restless nahion 

An elderly friend in a brisk, clean, 
pine-scented New England town told 
me why her family didn't migrate 
elsewhere, “Look around you. Why 
would anyone want to leaver’ 

Staying has left lavers of history so 
distinct that a Smithsonian Resident 
Associates Program sponsors 
“commercial archaeology tours along 
the highway north of Washington 
Tour director Peter H. Smith writes 





“Today we revere the restored colonial 
heritage of Williamsburg. It 15 easily 
conceivable that, two hundred years 
from now, the culture represented by 
Route 1 will be equails revered 

When | set out to document this 
attic of a highway two years 





Piatt 
ago, | had no idea it would become an 
addiction. | have learned to love its 
character and its people. And | have 
been crawn back agen and again to 
certain innocent places on the highway 
—F SHO W=COoVeredd hill in the North, a 
sharecropper's home in the South— 
and I have not fully known wh} 

But I can say with Robert Prost, 
who wrote of another eastern road, 
“T took the one less traveled by, and 
that has miacle all the difference." 
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IS OFTEN M@aAsSUreo 
the local people according 
to the number of times the 
have to shovel their roofs 
Mone than twice, for 


tok " i nIueF = 
im, 2 PiLhe et poe WW inti i 





[his stretch of lich Wwe 
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its foot, in summer 
Early road conditions 
kept rural Matne in 
isolation. When Lauriston 
R. Ring, the first lawyer t 
settle in Caribou, arrived 
town on April 14, 1565, the 
road was built mainly of 
corduroy—rows of logs 
alternating with swamp 
The stage horses, an old 
Stor book states, Were 
‘slumping at every step in 
the soft, deep snow 
That night President 
Lincoln was assassinated in 
Washington, but the new 
didn’t reach Caribou fot 
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TOMETIMES I LOST the 
onmimal hghway where 1 
A merged with a modern bypass 
and I stop ae to ask directions 
That's how | first met §0-vear-old 
Norman Smith, the gentleman at 
lett, a held engineer in the area for 
many Vears peean lives with his 
wite. Edith. ona thanrular pri ice OT 
land alone ets _ below, in 
Newburyport, Massachusetts, 
Although I didn't stop fora histor 

lesson, I sure pot one, This was no 
ordinary home. The plank flo por 
were too wide, the ceilings were to 





low, and the replace: e was too large 
al least by toda 
“How old is this bouiset L blurted 
out ae before saying hello 
"Well, it's never been out of the 
smith fandily replied Norman 
‘Part of it was s built in 1678. I'm the 
tenth generation to be born here 
NOW that set off a conversation 
Later Edith dusted off an old 
phot ofTap yh of the house taken about 
1890, far left. The homestead had 


rooms in those grand times. but the 








Wings were eventually removed. 
Norman peered at the boy and goat 
in the foréground ancl | ha kiecl 
that's my father with his billy goat 
the one that ate my Aunt Annie’s gn 
to-meetine hat!” 

Norm Smuth's ancestors came 
from Romsey, Eneland, in 1635. One 
of them, Set. Thomas Smith, met his 
maker in 1675. His company 
returning froma mission, Slop Ped to 
“father grapes, which hung in 
clusters in the forest that lined the 
narrow road,” an old journal 
explains, when “they were surprised 
by an ambascade of Indians.” The 
event was later -calbed the Battle of 
Bloody Brook. 


Normans grandfather headed west 


after the Civil War and packed 
supplies for the Union Pacific 
Railroad, wnitil Chief Red Cloud's 
SIOux uprisings twice drove off his 
mules; Then he came back to 
Massachusetts: 

And here the family stayed 
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“0 VAP RIGAT UP! See the 
Princess Gaborah, the strange 
young lady with the uncanny 

abiltty to transform herself into ar 
ely old 480-pound gorilla! See the 
hair sproi it Trom her body! 

That's how barker Joel Geenshure 
c esbuvad thrill seekers for his 
sideshow wt the Topsfield Fair m the 
town of Topsfield, Massachusetts. | 
was there loaded with cameras, 
trying to capture the feeling of the 
midway as the lights suddenly came 
auve at dusk. | remember that we 
eyed each other suspiciously, each 
wondering what kind of ilusion the 
ather was trying to perpetrate 

The fair has been entertaining 
local crowds for 160 years. 
People from nearby towns sui 
as Newburyport 
gathered over the years to marvel at 
Oxen plowing matches, new cattle 








below, have 
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breeds, the best draft horses, hooked 


rigs, prizewinning jellies, and a 


succession of technical developments, 


such as a noisy collection of gasoline 
engines exhibited in 19035 
They have also marveled at 
Zachinn the Human Cannonball 
and Bud Hamilton, who in 1935 
performed here his famous 
Death,” 70 feetinto a tank of water. 


“Thive oil 


He missed and landed on the ground, 


bul only broke his arm 

From the air Newburyport looks a 
lot lice it did during its davs of glory 
In the carly 19th century, when 
sailing ships so crowded the 
NVierrimack River thats man could 
Walk across without getting his feet 
wet. Today smaller sailing craft 
cluster near the bridge that carries 
Highway |, while old warehouses at 
dockside undergo renovation into 


apartments and shops 
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ECAKED OUT m city lights al 
disk, Route 1 crosses the 

Hudson Kiver on the eorge 
Washington Bridge, passing the 
glitter of Manhattan's skyline, In 
New York City the highway has been 
rerouted several times over the vears 
Today, where it cuts through thé 
heart of the Bron:, Number | does 
double duty as a parking lot, a ball 
field, a plaveround, and 
occasionally, a junkyard with 
stripped forgotten cars, far riot 

That's Hector Lopez jogging the 

Bronx streets, “I didn't know it ¥ 
Route 1. he told me. “We call tl 


Webster Avenue. It's a pretty 
neighborhood. There was a time 
when I almost gave wp running. But 


i 
When Le TOU FuyS vid ask, 


‘How's your running?’ they actually 
inspired me to keep at it 

“Mav Lask vou a favor? It-would 
make me feel very good if you could 
mention Vir. Ror in your magazine 
He was my hich-school teacher and 
nlso my gym teacher,” 


Sure, Hector 
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'T WAS IN WOLF PIT, 

North Carolina, just above 

the South Carolina border, 
that I first met Eligah King 
Hamilton and his wife, Lillie 

Later | went back to this rural 
Village astride Route | for 
Lillie’s “home-going,” a simple, 
emotional funeral witnessed by 
family and frends who had 
come to say good-bye. At the 
funeral they sang, “Lean on 
Jesus, He won't let you down.” 
And as the pallbearers carried 
Lillie from the church, bottom, 
the choir leader laird down a 
eoul-searing Gospel boogie- 
woogie on the piano that 
reaffirmed the glory of God. 

(Jn that sad day I took this 
family portrait of King in his 
front yard, surrounded by a half 
brother, a son, and two of 
Lillie's sisters. Later I followed 
Lillie’s granddaughter Lula Mae 
Ratliff as she carried a rose to 
Lillie's gravesite. 

On the day of the funeral King 
took me across the felds ane 
pointed out the landmarks of his 
life, “I got Lillie from right 
there," he said. “I was living 
over that hull near them pine 
We were married over yonder 
top of that hill there, Fifty-nine 
VEAars ago. 

“I was born in nineteen-o-one, 
the tenth day of July. I knowed 
when this wasn't nuthin’ but 
sand. (rh, it was 60 beautiful o'er 
yonder. Big cow pastures and 
everything. They got tractors 
now that can plant eight row 
Whit a poor me! When I come 
on, | had to do it from # pair of 
mile, | plowed a many mules up 
and down that hill.” 


A Journey Dawn Oid OL 4, 1 
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SGH HOPES were held fot 

the New Alma Hotel when 

Mr. Braswell Deen, U.S 
Cooneressman trom south Georgia, 
built itin 1938 in the small town oat 
Alma on the ert iri 
route. The hotel flourished, 
Weiraoming Georgia governors anc 
Chen it 
died, like many others, especiall 


other distinguished cuests 


with the coming of the Interstate: [1 
lay idle for Vears, serving as a local 
rooming house andl an OCCaSsIONA! 


z 


way-Stop for quail hunters 


at north south tourist 


Then in 1980 Jay and Elizabeth 
Willian 


antique shop anc craft store and 


is turned the lobby into an 


ct nverted other rim ran’ 
their original furnituré—into stori 
and additional display areas, 

louring the rooms is a fantas, 
one door mind find a roomful of 
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FF ILDERNESS ot 

, green, the crea 

Okefenokee Swamp 
straddles the Georgia-Florida 
border: Route 1 just skirts tt 
to the northeast. The vast 
wetland is actually the source 
of both the St. Marys and 
Suwannee Rivers. Here | 


I'/2 MILES | | - | photographed johnny 


; Hickox, right poling bea- 
%. | — ; brown water, the fifth 
, = al generation of his family to 


= oe 


eg = 


~ fe.) olive near the Okefenokee 

- Chief guide and jack-of-all- 
trades, Johnny informed me 
that “There's not a single 
mosquito in the swamp 
They're all married and have 
children.” 

In Fort Lauderdale, 
Florida, I noticed this man 
and his macaw sharing some 
secret On a park bench, 
upper left. Later he gave me 
his business card: Leroy H. 
Moe, Circuit Judge. 

In Kev West you usually 
find John Meek at Mallory 
[= quare pier in the evenings 
At his nearby home, lett, he 
raises iguanas. “I've gol 
Tony, Pancho, Cisco, ana 
gory." he told me. “They're a 
hundred percent tame, but 
they're primitive as hell, 
They are not affectionate 
pets, although everyone 
thinks they are. The 
temperature drops, and they 
instinct tells them to seek out 
heat. My dog, or my neck 
and shoulders.” 

When did he come here? 

“Let's see, wait Il 1 firure 
out whal I was driving 
Yeah, a "65 Merc. It was 
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SLANG HOPPING south from 

hey Largo to Key West, Route 

begins its countdown. At mil 
marker 50, s¢ven Mile Rindge seems 
to head otf inte the open sea 
Completed in 1982, it replaced 4 
Much farrower one, origina ly th 
old Flagler railroad briclwe = fore 
hithineg the north end of the ire. 
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piece of Key lime pie from the Seven 
netime deputy shenif Everett 


ayaas lett, beran NATION Lie 


inwer meV s Of A Harles > Lay ait hn 
Motor yvVehe. #5 he teaic [rit “fh Tod) 


chart of '27." ‘That's him on the right 
In an old photograph, sitting on hi 
Harley. Bootleggers hauling in liquo: 
from Havana took wp much of 
Everett's time in those Prohibition 
Years: Speeders Got off easier. 

“T used to do a lot of calling 
down,” said Everett, “You can get 
better results talking to a person than 


you can by saying, “Hey, here's a 


He once found it necessary to 
reprimand one of Kev West's most 
famous residents, Ernest 
Hemingway, whose house, now a 

NuUSeUM, Sits on Route |] Justa few 
Doc BS IFO IS end 
Sala ‘Pverstt Cini 


came out of Stoppy Joe's Har where 


bain & 


hung out.and I told him, ‘Erni 
don't give a damn fs vou kill yourself 
but you 2ol innecent aa rele in this 
street you re hable to run over and 
kW) And if vou get behind that cai 
Wheel, I'll put vou in jail 

‘He looked at me and said. ‘Td 
beheve you mean it 


Everett and | remintsced into the 
balmy LEO Die au CYERINE BDOLI thas 
ere ob hirhway ancl | LO | him 
how | would never forget the people ] 
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BEYOND SUPERMOUSE Chan 


HE TWO MICE closely resembled 
earh other—the same brown hair with 
natches of white, the same beady cyes 
Incleed, they were siblings, from the 
same litter. Yet in one respect the difference 
was shocking: One was normal in size, the 
other acalassus, more than twice as big. The 
contrast called to mind science iichhon mov 
ies In which a mad scientist inadverte 
makes animals grow to monstrous size 





The explanation for this “supermouse,” 
however, lay not in fiction but in elegant sct- 
entific work, Molecular biologists had given 
ita working human gene—a gene that pro 
duces the growth hormone in human beings 
The gene obviously works well in mice too 

This is one of the showier achievements of 
biotechnology, a burg nr In which I 
work asa molecular geneticist at the U Hiver- 
sity of Kansas. Its powerful new techniques, 
as awesome in their way as splitting the 
atom, promise help in resolving three of our 
planet's toughest problems: hunger, sick- 
ness, and enere shor ‘tag 

We are nearly five billi fon people in this 
world and tiplying fast. Many countries 
have too little food, and hunger even more 
Wile piseahaee ahead. Thus genetic engi- 
neers are trying Lo modify crops so they wil 
make more nutritious proteins, resist dis- 
ease and other stresses, and even provide 
some of their own fertilizer. Biolo @isis Are 
producing vaccines against diseases that 
attack livestock, and eventually they mas 
be genetically engineering finer animals 





In the field of medicine, biotechnology 
promises aid for millions of people w ho sut- 
fer from diabetes and for thousands ol 
youngsters afflicted with dwarfism, Deadly 
human ailments incising Heart disease | 


fancer are DEPINNINE to yell d to Mintechmol: 





omy's weapons. So, too, may intractabie ge- 
| anenua 





netic disorders such as sickle-ce 
Mounting an assault on the energy short- 

age, molecular biologists are modify Ing 

bacteria to convert common wastes such : 
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garbage or cornstalks into alcohol or natural 
gas, and studying a tree whose oily sap could 
serve as diesel fuel. 

Some of these wonders are only dreams. 
But there are realities too, and every day 
Sees Mew advances, 

This promise generates great excitement, 
not least in the stock market. When Genen- 
tech, a San Francisco biotechnology firm, 
offered its stock for sale in 1980, speculators 
snatched up more than a million shares al 
the opening price of $35 each, then bid them 
up to $88 on the first.day. Though the price 
soon fell, this was a buying craze many Wall 
Streeters had not seen in alifetime, Today in 
the U. §. alone, same 200 companies vie for 
the rewards of what Hritain’s Economist 
calls “one of the biggest industrial opportu- 
nities of the late 20th century.” 


POTENT TOOL of the biotechnology 
revolution developed during the past 
decade is the marvel of gene cloning. 
Essentially cloning is a process that can 
produce unlimited numbers of identical 
organisms. We can insert a gene—the deter- 
minant of heredity in a living thing—into 
a bacterial cell and allow this passenger 
gene to reproduce along with the host cell. 
This way we clone the gene and bacterium 
simultancously. 

The possibility of cloning human beings 
has fascinated novelists. The rulers of Al- 
dous Huxley’s Brave New World produced 
legions of mindless automatons this way. 
Similarly, the young Hitlers in Ira Levin's 
The Boys from Brasil were created from 
genes in the dictator's cells. 

Higher organisms can indeed be cloned. 
Aslongago as 1961 De. J. B. Gurdon of the 
Medical Reséarch Council Laboratory of 
Molecular Biology in Cambridge, England, 
manipulated frog eggs to produce identical 
tadpoles. . 

Some cloning occurs naturally; identical 
twins are an example. But even if scientists 
overcome formidable technical problems, 
intentional human cloning will probably 
never occur (in this country, at least) be- 
cause of ethical reservations. 

To understand gene cloning, consider 
that genes are part of extremely long, chain- 
like molecules of deoxyribonucleic acii— 
DNA. Thev form the chromosomes that are 
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part of the cells in all living things. These 
DNA chains carry coded instructions that a 
cell follows to make proteins—the stuff that 
makes life possible. Thus a gene is a blue- 
print fora protein, a program followed by an 
organism during its life but susceptible to 
manipulation by the genetic engineer. 

One such manipulation produces recom- 
binant DNA, the heart of genetic engineer- 
ing. Producing it is a task that Carolyn 
Rankin, a University of Kansas graduate 
student, often performs in my laboratory. 

Carolyn begins the process by filling a test 
tube with dead caterpillars, victims of an in- 
sect Virus we are studying because of its sim- 
ple genetic structure. In a small centrifuge 
she separates the heavier virus from the 
lighter host material, justas milk and cream 
are separated in a dairy. 

Her ¢oal is to separate the viral genes and 
reproduce each of them in handy amounts. 
To do this, she isolates the DNA of the virus 
in a test tube and cuts it into pieces. This 
cannot be done with a scalpel; DNA is too 
small, But it can be done with certain en- 
zymes that act as molecular knives. For rea- 
eons that we do not fully understand, such 
an enzyme recognizes certain sequences in 
the DNA strands, attaches itself to them, 
and by chemical action snips them apart. 

Carolyn mixes these fragments with a 
cloning vehicle—in this case a DNA frag- 
ment from the workhorse of genetic engi- 
neering, the common intestinal bacterium 
Escherichia coli. It has been cut with the 
same molecular knife, so that the viral and 
bacterial DNA fragments can combine, 
forming recombinant DNA. Thisis the well- 
known gene splice, accomplished by a com- 
plexenzymatic reaction whose development 
led to international recognition for several 
scientists. Finally Carolyn inserts her DNA 
hybrids back into the &. coli cells and 
spreads the cellsinalaboratory dish. At first 
they are invisible. But after a few hours we 
detect growths that resemble beads of tapi- 
oca. These are individual clones. Each has 
become a factory for reproducing its own re- 
combinant DNA. 

In effect, gene cloning is like cutting a 
printed page in half, inserting a new para- 
graph in the middle, and photocopying the 
altered version overand over to reproduce 
the new material along with the old. 
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ATGC: 

A simple 
code of four 
parts spells 
out life 


A PERFECT me 

only does its jab but also 
duplicates itself, producing 
generations of machines 

to continue the work. Within 
each of us more than a trillion 
Such perfect machines 

carry on the work of life, a 
cycle of creation and 
renewal, an orchestration of 
tissues and fluids inte a 
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functioning body. The machines 
are called cells. 

Ina cell (above) the 
nucleus functions a the 
contre! center, containing 
tightly packed coils of thread- 
like molecules called 
deoxyribonucleic acid, or 
DNA—carrier of the genetic 
blueprints for an organism. 
The strands of DNA tna 
human cell are less than a 
trillionth of an inch thick, but 
ifunraveled would stretch out 
almost two yards, 

Inthe nucleus, some of the 
blueprints are copied, ta be 
dispatched like detailed 
drawings to the factory of the 
endomasmic reticulum. Here 
tiny shops called ribosomes, 
built with proteins and 
material from the nucleolus, 
use the drawings to assemble 





amino acids inte the proteins 
Cutt the cell needs. 

Mitochondria provide 
energy for the cell by burning 
sugar products. In plant cells 
chloroplasts use sunlight to 
HNthesize sugars. 

A achematic strand of DNA 
curves out of the nucleus anid 
uiwinds to reveal its chemical 
structure in the form ofa 
ladder. Twin backbones of 
sugirs and phosphates, 
colored in red, make up the 
sides of the ladder. Two pairs 
of chemical bases-form the 
lndder’s rungs. Adenine, A, 
joing with thymine, T, both 
shown in green. Guanine, G, 
Joins with cytosine, C, blue. 

Another model of DNA, 
above the ladder, shows the 
motecule’s chanactertatic 
double-hetix form much 
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spetls out the ONA'S genetic 
messoecs. och complete 
message detoiling the 
bie rit for one protein 
isd gene 

Read along one side a 
ladder, a gene message might 
berin ATGC—for adenine, 
thymine, guanine, cytosine 
SOT 5,000) fase pairs could 
encompass Cie erttire sect of 
gene5—the genome—for a 
SiMe WITs 

To spell out the blueprint 
within each human cell, 
HioUgh, MAOUid require more 
than a million pages of the 
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Pioneers of molecular biology, plrysicist Francis H.C. Crick, 
feft, dnd biochemist James D. Watson deduced the double-helix 
structure of ONA in 1953. They later received a Nobel prize for 


thecr historic discovery 
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ball—pass along the length of In bacterial cells, replicated 
iis DNA molecules inside the loops of DNA migrate to 
nucleus, unzipping them. opposite ends of the cell, 
TO CONTINUE LIFE, the Other enzymes pair which then divides, In more 
cell must duplicate tte DNA unatteched nuclestides— complex cells, such as human 
blueprint, a process called lixider rungs joined to tells, the replicated molecules 
replication, inorderthatnew frogriertts of ladder sicdes— of DNAmove apart within 
cells moy grow. with corresponding nucleotides the nucleus. The cell divides 
Before a cell divides, along the original DNA strands across the nucleus to form two 


enrymes—seen here os a blue 
| HE EARLIEST FRUITS of recombi- 
T nant DNA have brought clear benefits 

through the manufacture of human in- 
sulin, Millions of diabetics depend upon reg- 
ular injections of insulin, usually derived 
from pigs and cattle. But animal insulin cif- 
fersslightly from human insulin—some peo- 
ple are allergic to it—and its supply varies 
with the livestock market. 

In 1978 scientists at Genentech endowed 
E. cali bacteria with synthesized human in- 
sulin genes. As hoped, the bacteria respond- 
ect by making the human protein. Produced 
by Eli Lilly and Company and sold original- 
ly in Europe and now also in the United 
States, this first pharmaceutical product of 
recombinant DNA can be made by microbes 
in unlimited quantities. 

I spoke with Sandy Atherton of Derby, 
Kansas, who was the first diabetic in the 
U.S. to receive the enginecred hormone, “T 
read in the paper about this product and 
‘asked to be included in tests at the Universi- 
tv of Ransas School of Medicine at Wichita. 





Fortunately, 1 was chosen. My father was a 


diabetic for 30 years before he passed away, 
and he had watched people cie of the disease 
before there was any insulin at all. I am 
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to form exact copies. 


new calls. 


very thankful for the progress scientists 
have made.” 

Today's microbial drug factories also pro- 
duce human growth hormone, or HGH— 
the stuff of supermouse. Its potential benefi- 
ciaries: children, several thousand in the 
U. 5. alone, who suffer froma type of dwart- 
ism that occurs when the pituitary gland 
makes insufficient HOH. 

Dactors traditionally obtain HGH from 
the pituitary glands of human cadavers. But 
ittakes hormones from 50 cadavers, extract- 
ed at great cost, to treat a child fora single 
year. This limits treatment to one patient 
in five. Worse, a black market in HGH has 
diverted some of the precious protein to the 
bodybuilding fad. 

Dependence on cadavers persists, but 
already genetic engineering can produce 
enough HGH to treat every case of hypopi- 
tuitary dwarfism. However, Food and Drug 
Administration approval is needed before 
this product can be marketed in the U. 5. 

Human growth hormone holds promise 
for treating other growth-stunting condi- 
tions: It also may help people whose bodies 
have been stressed, as by severe burns or 
by widespread cancer. In response to the 
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Expression 


CELLS PRODUCE, or express, 


thousands of proteins. First 
o chemical signal mokes o 
small opening in a DNA 


moalecule ata coded start signal, 


As the opening ripples along 


the DNA toward a stop signal, 


UT 


it exposes the bases, whose 
sequence is the blueprint for a 
desired protein. 

Ina process similar to 
replication, the blueprint 
i copied, resulting in a 
one-sided molecule called 
messenger RANA, often 
abbreviated as mRNA. 
Within the ribosome other 


y ies) 
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molecules, suchas transfer 
RNA, or (RNA, read the 
mRNA code in groups of three 
bases called codons. 

Each codon corresponds to 
one of 20 amine acids in the 
cell. The ribosome arranges 
the amino acids in the proper 
order and links them to make 
the protein. 


stress the body consumes itself, a phehome- 
non known) as wasting syndrome. Experi- 
ments show that growth hormone helps 
combat this dangerous reaction in animals, 
and treatments that work with animals of- 
ten help people, 


America's leading killer, heart clis- 

case. Gene splicers at Genentech have 
produced a protein that activates the sub- 
Stance known as plasminogen found on 
blood clots: When activated, it dissolves 
clots that obstruct coronary arteries and 
cause heart attacks. It is so potent and spe- 
cific that it may even arrest a heart attack 
under way. Another biotechnology firm, 
Collaborative Research in Massachusetts, 
soon will enter the clot-dissolving sweep- 
stakes. Says Dr. Orrie Friedman, chairman 
of the board, “We have high hopes. Tr sone 
of the hottest things we have going," 

Finally, hundreds of scientists are turn- 
ing biotechnology avainst the clisease we 
probably fear most, cancer. Tremendous 
uivances are being made in understanding 
this frightful affliction. 

Cancer can be so devastating, growing so 


Gj erces are also closing in on 


Changing Life's Genetic Blueprint 


inexorably and absorbing the body's nutri- 
ents so voraciously, that it almost seems 
a foreign invader. Yet malignant tumors 
descend from normal cells that stop acting 
cooperatively and become parasites. 

What transforms a cell from team player 
into killer? 

It now appears that we carry, in most of 
our trillions of cells, a group of at least 20 
so-called proto-oncogenes, These are very 
similar to oncogenes, found in certain virus- 
es, that can transform cells from normal to 
cancerous. Proto-oncogenes may help with 
routine cell life until something goes 
wroang—from radiation, chemicals in ciga- 
rette smoke, or other environmental influ- 
ences—and the gene mutates, or changes: 
Or the surroundings of the gene may change 
and make it hyperactive. 

Byitself, such a change is probably harm- 
less; the person’s life goes on unaffected. But 
ifanother of these special genes is disrupted, 
and it too mutates or becomes hyperactive, 
the cell begins the unfettered division that 
signals cancer. 

The brilliant research that led to this con- 
cept depended on cloned genes; only they 
could produce (Continued on page 830) 
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Cutting an 
embryo 
yields twins 


iWOFOR ONE. The 
technique of embryo splitting 
and transfer, developed by 
sclerttists at Colorado Strte 
University, can produce two 
colwes from a-single embro 
Phis increases the reproduction 
rotes of superior aninials as 
well as prowiding genetically 
identical heins for laboratory 
Stn hes 

Demonstrating the procedur: 
at the school's Embryo Transfer 
Laboratory at Fort Collins, Dr 
Tetsuo Tokeda (left, top) 
prepares to move d hollow eliass 
pipette, indicated by his finger, 
nfo a petri dish containing 
cottlt embrves a weel oli 

Looking throweh the 
microscope, Dr, Takeda secures 
gon emorvo for apli thing Left, 
center). The pipette, at left 
mobilizes the embryo, ceric 
by gentic suction, Then Jokeda 
Maneuvers a. niicrosurgzical 
blode, right, that pierces a 
relatinous sac and cleaves the 
emobrye in two, [Phe embryos 
re then transferred fo two 
tte mothers, 


SOTTO i 
Bull calves (bettom) that 
resulted fron such 0 procedure 
wear backpacks in a puberty- 

inducing study. From its 
backpack, the calf at right 
receives regular injections of a 
hormone that may stimukite 
earlier sperm production, [he 


calfat lef. an tdeal contro! 


since it is a peretically 
identical twit, receives 
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When a strawberry creates a new plant 

with a runner, left, the offspring’s 
genetic blueprint is unchanged since 
ft carries identical chromosomes from 

the top of the triangle. Thus is asexual 

reproduction. Calves from 2 cow and 
bull mating inherit varied characteristics. 
This is semual reproduction. 
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| | mn LONG BEFORE the genetic at the plow, for fighting 
Nature ml basis of heredity was spirit, and, as early os 1700, 


understood, farmers bred for more milk or beef (below) 


variety animals and plants te Unlike asexual reproduction, 


enhance desirable traits. na = in which an entire organism 


Imnrony sense the first genetic grows to the genetic blueprint 
Improves engineers, Hiey recognized of a sole parent, sexual mating 
that selecting superior is moture's way of HUyorig the 
the breed parents produced improved genetic pattern by combining 
| = offspring, alements from two blueprints 
Since domestication, cattle As DNA within the ovary 
have been bred for strength and testis cells replicates, 
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SEXUAL REPRODUCTION 


wih | WHE me , 


Chromosomes called X and ¥ 








Merger of two. X 


determine sex, An ovary cell, above Ne-saansiie 3 
fet, carries two X chromosomes. A Ry sedge . 
testis cell, befow left, carries an x Babee, X and ¥ 
and a Y¥. As the ceils divide, sex cells iis produce — 


are formed. Eog ceils carry only the % 
chromosome, Sperm cers can carry 
an A ora ¥ chromosome. 


ie! calf below. 


a number of DANA molecules thot the Joong of sperm cell cere penetic tratts, like 
in Chromosemes cross over and ege cell will constitute a color blindness, ore #2 
and exchange genetic normal double set of linked, Since only X 
information before the cells CHroOmMmoSsorries. CHroOIMmcaHmes co rvy these 
divide. The resulting cells’ Traits passed on by the Fenes, Moles tiherit them 
blueprints have the same, parents to the new cell's genes from their mothers, while 
general order but new patterns, may appear or lie hidden. A females mherit them from 
When the sex celle divide dominant trait is expressed both parents: 
for the second time, creating even wien only one parent Thus nature, the ultimate 
eee cells and sperm cells, a contributes it, A recessive genetic engineer, frstions 
change occurs. The number of iiit isnotexpressed unless if creatures of seemingly infinite 
chromosomes is halved, so if passed on by both parents. variety, 
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enough DNA to reveal the subtle differences 
between the altered genes and their normal 
counterparts. 

Much of cancer’s notorious resistance to 
therapy lies in the ability of tumor cells to 
metastasize—break off from the primary 
tumor, migrate through the bloodstream or 
lymph system, and colonize other areas of 
the body, This often foredooms surgery or 
local radiation treatment. 

Chemotherapy, which treats the whole 
body, offers at present the best hope ofacure 
once cancer has begun to spread. But the 
drugs now used are powerful poisons; they 
kill healthy cells in hair follicles, intestinal 
lining, and bone marrow, and cause hair 
loss, nausea, and partial loss of immunity. 

New products of biotechnology that could 
kill cancers without harming normal cells 
may eventually supplement conventional 
chemotherapy, Most would stimulate or 
mimic the body’s own immune system, help- 
ing it repel cancer cells as well as invaders 
such as virises and bacteria by producing 
defensive cells and antiborclies. 


cells can frustrate almost any defense, 

Like master spies they even seem to dis- 
guise themselves-in order to evade the im- 
mune system. To penetrate these disguises, 
the body needs clever counterspies, which 
biotechnology can provide in the form of 
monoclonal antibodies. 

These agents were merely a doctor's 
dream until Cesar Milstein and Georges 
Kohler created them in 1975 at the Medical 
Research Council laboratory in Cambridge, 
England. 

Drs. Milstein and Kéhler began by inject- 
ing a mouse with an antigen, a foreign sub- 
stance that elicits an immune response— 
thatis, the body produces antibodies to repel 
the invader. Taking antibody-producing 
cells from the immunized mouse, they fused 
them with mouse tunvor cells, conferring on 
them the ability to divide indefinitely like 
cancer cells. The resulting cells—called 
hybridomas—have the staying power to 
produce the antibody continuously. 

Molecular biologists devote a lot of time 
and ingenuily toward making monoclonal 
antibodies more deacly to cancer cells. One 
approach is to tag them with a radioactive 


| WILLNOT be easy. Established cancer 
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element. Such “hot” antibodies bind to tu- 
mor cells and zap them with their radioac- 
tivity. Scientists at several research centers 
around the country have aimed these agents 
at a variety of tumors, 

Inthe hands of Drs. John Kersey and Nor- 
ma Ramsay at the University of Minnesota, 
monoclonal antibodies isolated by immu- 
nologist Tucker LeBien have dealt a blow to 
the dreaded malignancy of the bone mar- 
row, leukemia. In their procedure, the phy- 
sicians take bone marrow from the patient 
and treat it outside the body with mono- 
clonal antibodies and certain blood proteins 
to kill the leukemia cells. Then the patient 
receives chemotherapy and a dose of radia- 
tion sufficient to kill the bone-marrow cells 
remaining in his body. ‘This would be lethal 
but for the precious marrow cells removed 
and cleansed earlier, and now returned to 
the patient. [fall goes well, these cells repop- 
ulate the bone marrow and grow normally. 

‘Twenty-three leukemia: patients, for 
whom conventional therapy had failed, 
have received the treatment, and four of the 
first thirteen were still in remission after 16 
months, inthe summer of 1984. 

Monoclonal antibodies also aid the fight 
against leukemia by assisting in the trans- 
plant of bone marrow from a healthy per- 
son. Marrow produces the cells that reject 
transplants. However, when marrow itself 
is transplanted it can reject its new host, 
causing the life-threatening graft-versus- 
host disease, But pretreatment of the mar- 
row withantibodies kills the cells that would 
cause this disease, so the guest marrow ac- 
cepts its new quarters, 

To strengthen the antibodies’ punch, 
teams of researchers are coupling them to a 
potent toxin. Dr. L. L. Houston and I have 
collaborated on this approach at the Univer- 
sity of Ransas. 

One of our toxins comes from the castor 
bean, s cause of accidental human poison- 
ings since antiquity. A lethal ingrecient 
is ricin, a two-part protein composed of 
the poison and an agent that binds it to 
the victim's cells. This castor poison alone 
would be a poor antitumor agent because it 
also kills normal cells. But what if we re- 
place the binder with a monoclonal anti- 
body that can home in on enemy cancer 
cells? Dr. Houston has shown that such 
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IMMmUunotoxins can protect mice from tumor 
cells, and clinicians are already conducting 
triais with human cancer patients 

Ay rir 
ly, have also cloned the poison ge 
Will be able to shape it and its protein prodl- 
UoTS 
given rise to the pun “designer genes." 
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A recent 
intéerie¢ron—is being tested on human 
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the protein's earh Drom Lst 
Interferons may also be effective in fight 
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Milestones 


1669 Elegant experiments with pea 
plants enoble Austrian monk Gregor Men- 
del to describe the mechanisms of heredity. 


1944 Working with a bactenum thot 
couses pnewnonia, 0. T. Avery of Kocke- 
feller University and colleagues discover 
that genes ore made of DNA. 


1953) | Thedowble-helix structure of DNA 
is discovered by Francis H.C. Crick and 
James D. Watson. 


1965 RNA is used to achieve protein 

synthesis ino test tube. Scientists demon- 
strate that sequences of three nucteotides 
specify amino acids to be linked together to 
form proteins by the ribosome. The genetic 
code is cracked, 


1970) =©6Hamuilton Smith and Daniel No- 
thorns of Johns Hopkins University discov 
er and use @ new class of restriction 
enzymes, the chemical scissors that alice 
and separate DNA molecules. 


1972 Paul Berg and others at Stanford 


University combine the DNA from two vi- 
ruses, a technique thot yields: what i 
called recombinant DNA. 


1973 Stonley Cohen of Stonford ond 
Herbert Boyer of the University of Catifor- 
nic_oft Son Francisco insert recombinant 
DONA into host bacteria that reproduce, or 
clone, the foreign DNA. The age of genetic 
engineering begins. 

1977 Genentech, one of the first genetic 
engineering companies, embarks on the 
biosynthesis of important drugs hy 
recombinant DNA methods, 


1977 Frederick Sanger of the British 
Medical Reseorch Council and Walter 
Gilbert of Harvard University indepen- 
dently discover techniques for the rapid se- 
quencing, or reading, of the order of 
nucleotides in DNA molecules. 


1978  Sichkte-cellanemio te diagnosed be- 
fore birth of an infant by analysis of 
its DNA. 


1982 Huron ‘insulin produced by 
recombinant DNA techniques is marketed 
under the trade name Hiomuitn. 
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herpes infections, and the common cold. 

The interferons belong to a class of pro- 
tein hormones called lymphokines that 
work by regulating the immune system. 
Garmma interferon, for instance, stimulates 
macrophages, cells that prowl the blood- 
stream to search out and eat enemy cells, 
including cancer cells. 

In time lymphokines may help reverse 
dangerous immune suppression caused by 
cancer end its treatment. Interleukin-2 de- 
veloped by the West Coast firms Cetus and 
Immunex is being tested in clinical trials. 
Lymphokines may assist victims of acquired 
immune deficiency syndrome (AIDS), a 
growing health threat. And they may benefit 
children bern with immune-system defects 
so severe thal they must live in germ-proof 
plastic chambers—the plight of the nation- 
ally mourned “bub ble boy,” David. 

Oecasionally our immune system works 
too well, Then it turns the body against itself 
in self-destructive diseases including rheu- 
matoid arthritis, multiple sclerosis, and ju- 
venile diabetes, Work is afoot to produce 
lymphokines that depress such immune sys- 
tems and thereby halt the destruction, This 
eventually could benefit the millions of us 
afflicted with less severe forms of immune 
hyperactivil y—allergies. 

Cancer specialists like toemphasize that if 
we detect tumors early in growth, they will 
he easier to treat and may not have metasta- 
sized to remote areas of the body, Here again 
biotechnology is looming large. 

Monoclonal antibodies that are able to 
recognize tumorcells may make ideal cancer 
detectors, Dr. John Weinstein of the Nation- 
al Institutes of Health injects cancerous 
guinea pigs with antibodies tagged with 
radioactivity, then scans with a detector 
to locate metastases. This technique is be- 
ginning to be applied to humans. 


a BHEN THE SALK polio vaccine 
f came on the market in the early 


1950s, physicians vaccinated 
millions of patients, possibly including me, 
before discovering that monkey cells used 
for growing the vaccine carried unwanted 
viruses. One of these was a roclent tumor 
virus. Fortunately the vaccine caused 
no known increase in human cancer. 

But as this case illustrates, most vaccines 
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carry an assortment of risks. Each contains, 
in dead or weakened state, the virus it seeks 
to defeat. This way it presumably will not 
cause disease but will provide the proteins 
that stimulate the patient's production of 
antibodies—a key part of immunity, Occa- 
sionally, however, this weakened virus 
causes serious, even fatal, reactions. A 
smallpox vaccination today is more dan- 
gerous than the almost nonexistent risk of 
contracting the disease itself, 

Gene cloning can avoid such hazards; We 
simply produce the viral protein that stimu- 
lates our bodies to make antibodies, purify 
it, and use itasa vaccine, free of contamina- 
ton by the whole virus. 

Genentech already uses gene cloning for 
developing a vaccine against the foot-and- 
mouth virus that attacks cattle and swine, 
sometimes forcing the destruction of whole 
herds. Defective vaccines themselves have 
caused outbreaks. In the U.S. the disease 
has been eliminated, and even research on 
the virusis banned on the mainland. Genen- 
tech and United States Department of Agri- 
culture (USDA) scientists had to journey to 
the Plum Island Animal Disease Center, off 
the trip of Long Island, to clone foot-and- 
mouth-virus protein genes. 

scientists at Biogen in Geneva, Swit- 
zerland, have applied the same approach 
to hepatitis in humans. And their vaccine 
could have deeper implications: A hepatitis 
virus can lead to liver cancer as well, and 
vaccination could prevent both diseases, 
This may become the first instance of using 
the immune system to prevent, rather than 
treat, cancer. This would be the ideal an- 
swer to cancer: Never let it Start. 

One researcher who believes strongly in 
the potential of purified vaccines is Profes- 
sor Ariel Hollinshead of George Washington 
University in Washington, D. C. Collabo- 
rating with Dr. Thomas Stewart of the Uni- 
versity of Ottawa, she feels she has scored 
success ina challenging area, lung cancer, 

savagely aggressive, lung cancer usually 
has metastasized by the time the patient 
secks help. In cases when the cancer is de- 
tected early, one out of two surgery patients 
survives at least five years. But in clinical 
trials, three out of four patients who under- 
go surgery and injections of experimental 
Vaccine enjoy a five-year survival rate. 


Changing Life's Genetic Bineprint 


Glossary 


dy A protein that binds to an in- 
celina antigen prior to the destruction of 
the antigen. 


Antigen A foreign substance, usually a 
protein, that triggers the body's produc- 
Horofa specific antibody directed against 
te antigen. 

ism with @ primitive nucleus. 
Chromosome <A segment of DNA con- 
taining many genes. 

Clone One or more genetically identical 
organisms. 

DNA Deoxyribonucleic acid, the stuff of 
which genes are made, a long chainlike 
moleculecomposed of nucleotides, 


E. coli Escherichia coli—e comin in- 

acterium, studied by generations 
of bistoniets. that has probably provided 
more knowledge of biochemistry and ge- 
netics than any other living thing. 
Enzyme <A protein that catalyzes one of 
life's chemical reactions. 


Gene Asegment of DNA containing the 
coded information for making a specific 


protein. 





Hormone A substance secreted by one 
type of cell that carries a signal to another 
typeof cell 


Monoclonal antibodies Identical ant- 
bodies cloned from.o single source and tar- 
geted for a specific antigen 

Nucleotide Building block of the DNA 
molecile composed of an organic base, a 
sugar, and a phosphate. 


Piasmid A self-replicating circular 
DNA motecule found in bacteria and car- 
rving [wo or more genes. 


Protein A molecule of linked amino ac- 
ids. Proteins serve primarily as hiochemi- 
cal catalysts and as structural parts for an 
organism. 

Recombinant DNA Anew combination 
of genes spliced together on asingle plece 
of DNA. 
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Engineering 
new plants 


CAN A FOREIGN gene be 
introduced into a plant? If 
so, then plants could be 
engineered to resist disease or 
drought, or to improve their 
food vole. 

Seeking answers, scientists 
at Agrigenetics Corporation 
use oc soil microbe to carry a 
foreign gene into a crown gall 
at the bose of a sunflower 


(facing page) 


But could a foreign gene be 
expressed in.all the cells of a 
plant? A French-beaon pene 
was inserted tnto a Ji 
olasmid (above left) from a 
microbe. The plasmid was 
then retired to the microbe, 
which wos used to infect a 
tobacco plant. 

After cells from the plot's 
crown gall were cultured, 
hormones caused the cells to 
form atiny plant, which was 
grafted onto the stem of a 
tobacco plant. The bean gene 
wis successfully expressed 
throughout the new plant, 
now colled a Tobean. 
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What next? In theory a 
bean's primary protein, 
phaseolin, could be made 
nutitionally complete 
by increasing a single 
amine ecid, methionine. 
Clamped into the workbench 
ofan E. coli plasmid fabove 
right), a phaseolin gene is 
supplemented with 
methionine codons 

The altered gene is 
transferred to a Ti plasmid, 
which carries it to bean 
cells whose own phaseolin 
genes have been destroyed 
The cells grow to produce o 
new beset. 
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Going a step beyond treating the disease, 
the team plans to launch an immunization 
program for people likely to contract lung 
cancer: heavy smokers who work with as- 
bestos. Although it will be years before we 
know finally how well cither program 
works, Dr. Hollinshead is confident. “In the 
future," she asserts, “we will be able to use 
immunology for the prevention of cancer.” 


NTREPRENEURS have been quick 

to recognize the enormous value of 

| monoclonal antibodtes for diagnosis, 
therapy, and biochemical research. 

In San Diego, California, I toured the pio- 
neer monoclonal company, Hybritech, now 
all of six years old. Moving from lab to lab, 
we stopped at each door to manipulate a 
push-button combination lock, “Our proc- 
ucts are valuable and highly portable,” 
commented my host, Cole Owen. “These 
discourage theft.” 

In the labs, animal rooms housed bun- 
dreds of mice—the antibody factories. 
There I watched technicians inject the ani- 
mals with antigens, turning on the produc- 
tion of antibodlies. 

Some were nude mice—homely, hairless 
creatures, whose hair-vrowing powers were 
sacrificed in the process of building in other 
genetic traits (page 841), One such trait is an 
inability to reject foreign tissue. When one 
of the mice is injected with hybridoma cells, 
instead of rejecting the foreign cells the 
mouse serves as an incubator or factory in 
which the cells can grow and produce large 
amounts of antibody. 

I watched the technicians take tissue from 
mice that already were producing antibod- 
ies, then followed them to the fusion lab, 
where the tissue cells were joined with tu- 
mor cells to give them staying power. 

From the fused cells, staff members 
would later choose the most promising and 
inject them into the abdominal cavities of 
other mice. This is the actual factory, the 
favorable environment in which the cells 
produce antibodies in copious quantities. A 
single mouse, [learned, can produceinafew 
weeks antibodies that may sell for $20,00%— 
well worth keeping behind locked doors! 

The first commercial return comes not 
from drugs, which take years and millions of 
dollars to develop before marketing, but 
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from diagnostic aids that can be used in 
simple laboratory tests- 

A pregnancy test developed by Hybritech 
yields results in minutes, Similar Hybritech 
kits diagnose allergies, anemia, and even 
heart disease. 

Sexually transmitted diseases can be diag- 
nosed by monoclonal antibodies developed 
by Genetic Systems Corporation in Seattle, 
So far the tests detect gonorrhea, syphilis, 
herpes, and other infections. 

One of the most intractable of human dis- 
eases, sickle-cell anemia, has a genetic ori- 
gin, so we hope that its cure, too, lies in 
genetic engineering. 

The disease, found almost exclusively in 
blacks, evolved in tropical Africa, where 
Malaria is rampant. As a defense agaist 
malaria, nature provided many Africans 
with a mutant gene that enables red blood 
cells to resist invasion by the malarial para- 
site. Unfortunately, one in four children of 
healthy parents who are sickle-cell carriers 
receives two mutant genes. Under stressed 
conditions the mutant gene product, a type 
of hemoglobin, crystallizes in the blood 
cells, distorting them from round to sickle- 
shaped, Sickle cells can painfully block 
small blood vessels, or burst and leave the 
patient anemic, often leading to death. 

Since a defective gene causes this malady, 
a cure may be to introduce a normal gene 
inte the patient's blood-forming bone mar- 
row cells. Many of the basic procedures 
needed for this task already exist. 


MESPITE THE EXCITEMENT gen- 
erated by medical gene splicing, some 
| experts predict it will be overshad- 
owed by applications even more profound mn 
agriculture. 

Consider ‘a few of the possibilities: Seed 
proteins deficient in some amino acid build- 
ing blocks could be made whole. We could 
equip crops with disease resistance and pest 
resistance. Optimists believe we might even 
modify cereal plants such as. corn and wheat 
60 they can make some of their own nitrogen 
fertilizer. 

One of the best-known companies pur- 
suing the new agronomy is Agrigenetics 
Corporation, whose location in Mariison, 
Wisconsin, facilitates cooperation with 
scientists at the state university. 
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To enter the grounds of Agrigenetics is to 
realize that these people care about plants. 
Flower beds bne the walkways between 
builcines; the lawn is lush and green: thriv- 
ing greenery fills an wtrium forming the en- 
try to the mam building. Remarked Dr 
Timothy Hall, then cirector of the labo- 
ratory, “I guess we'd better know how to 
grow piants,” 

Seed companies traditionally improve 
their products through selective breecline-: 
mating plants to maximize desirable fea 
tures and eliminate the undesirable. How- 
ever, this is. aslow process. [t often requires 
many plant generations spread over years 

A more direct route is to introduce new 
renes directly into the crops themselves— 
not easy, bul precisely the role of genetic 
engineering 

For example, researchers at Agrigenctics 
are concentrating on a gene for phaseolin, a 
najor protein of the French bean. This bean 
1s well known for its protein, but phaseo 
This 
deticiency reduces the bean’s food value 





in 


is how in one amine acid. methionine 





To manipulate this phaseolin gene, it 
must lirst be removed trom the parent bean 
and introduced into another host so jtcan be 
observed in isolation 

Agngenctics engineers led by Drs, Timo- 
thy Hall and John Kemp have successfully 
transterred the gene to sunflower cells in cul 
ture. Their creation is the fancifully named 
“sunbean.” The sunbean is actually an wn- 
fanciful callus, an amorphous mass of tissue 
resembling a slimy piece of cauliflower. 

But this callus does something no ordi- 
nary suntlower can—it makes a bean pro 
tein. Ultimately it couldenable Dr, Hall and 
his colleagues to alter the cloned phaseolin 
pone 50 thal its product possesses more me- 
thionine. The improved gene could then be 
put back into the bean plant. This should 
enhance the crop’s nutritional value. 


® A WORLD that lives from harvest to 

harvest, fertilizers are of crucial impor- 

tance. Uheir production can take consid- 
erable energy, and during the past decade 
energy costs have risen astronomically 


Nobel prizewinner and former Harvard professor Or. Walter Gilbert, left 
hanped found Biogen, which in 
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Cell wars: 
attackers and 
defenders 

on a living 
battleground 
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Ce 


A FANTASY battleground 
portrave the daily warfore 
that rages between invaders 
mid defenders within our 
bodies, Each cell in the body 
has a distinct shape on tts 
surface 1 that distinguishes it 
from. foreign cells, 

The body's armry—tts 
Inumnune svstem—pabols for 
unfomiliar shopes wei 
special troops produced tn the 
bone marrow. A macrophage 
(left, top) is ready to engulf 
and digestian enemy, A plosma 





cell (left, middle) learns to 
recognize the molecular 
signature, or antigen, of 
an invader and produces 
antibodies copable of locking 
one it. The T cell (left, 
hottom) recognizes invader 
SLSMOfMres CL GUETITOTLs 
nmuicrophapes with chemical 
stenals. It'can alse destroy 
an enemy with a text 2 

In this battle (above) 
Invading celis 3 carrying a 
new antigen shape enter 
through @ rift in the cellular 
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structure. Dave poss before 
plasma and T cells recognize 
the new shape. feanwhie, 
the system battles previous 
intruders 4 and 5 

Antibodies lock onte 
iniwiders 6, then bined tod 
muicrophiage 7, whicn 
surrounds and digests them 6 
Antibodies can also 
imirmobilize invaders by 
inching onto more than one, 

Cancer cells 10, produced 
within the body, frustrote the 
immune svatem becouse their 


recognition shapes 11 are 
sumtilar to the body's. T cells, 
however, miav attack them or 
signal a macrophage to 
destroy therm 12 

Porging @ new weaport, 
Sclentists grow pilosa cells 
that respond to a specific 
antigen, vielding a small 
number of antibodies to fight 
that invader (fright, top). To 
make morearntibodies, the 
noosa cells are merved with 
long-iived tumor cells called 
myclonias (right, middle), 
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A SPECIFIC 
~ ANTIBODIES 
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producing hyortdoma cells, 
which have genetic information 
from beth porent cells 

A hybridoma ts cloned— 
multiptied from a single cel!— 
in the laboratory and injected 
into a mouse (right, bottom). 
The tumer that grows: woth 
tie anime! mokes large 
quantities of a monoclonal 
antibody, so called because it 
is descended from a single 
ferric source. Such 
antibodies are being tested 
dpairst disease ii homens, 
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Agricultural costs have soared correspond- 
ingly, while malnutrition has spread, partic- 
ularly among peoples of poorer nations 

Genetic engineering may offer a solution 
to the rising price of fertilizer. Since the 
dawn of gene cloning, some molecular bi- 
ologists have dreamed of transferring cer- 
tuin genes to cereal plants, the backbone of 
world agriculture. Ideally these genes would 
produce enzymes enabling the cereals to 
synthesize nitrogen fertilizer from the nitro- 
gen in the atmosphere, just as legumes such 
as beans do naturally 

In reality legumes produce nitrogen fertil- 
izer only with the help of nitrogen-fixing 
bacteria that inhabit litth nodules on their 
roots. Cereal plants, unhappily, do not 
form the nodules normally associated! with 
nitrogen-fixing bacteria. 

To give cereals this gift of nitrogen fixa- 
tion would bea difficult task. We would 
have to collect the 15 or so bacterial genes 
needed to fix nitrogen, rebuild them so they 
could function in a plant, and introduce 
them into a plant cell. From this cell we 
would have to generate a plant that would 
pass the priceless genes on in its seed. This 
regeneration process has been a problem 
Scientists have been unable to regenerate ce- 
real plants. Perhaps most difficult of all, the 
plant must somehow provide an oxygen-free 
environment, because oxygen profoundly 
poisons one of the key enzymes in the 
nitrogen-fixing system. 

For these and other reasons Dr. Winston 
Brill of Agracetus in Wisconsin, another im- 
portant plant-engineering firm, beheves 
that directly endowing cereal plants with 
nitrogen-fixing genes is impractical 

He favors alternative tactics, “We could 
induce cereal roots to form nodules that 
nitrogen-fixing bacteria would colonize,” he 
explained. “Another avenue is to engineer 
nitrogen-fixing bacteria to associate with ce- 
real roots even in the absence of nodules.” 
Already, bacteria from Dr. Brill's laborato- 
ry can meet one percent of a corn plant's 
nitrogen meeds. This seemingly small 
achievement meant screening thousands of 
corn plants. Additional selective breeding 
might improve this to 10 percent. 

As of today we do not know how to insert 
new genes into cereal-plant cells. A solution 
tothe problem may emerge froma discovery 
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made in 1948 by Dr. Barbara McClintock in 
her work on corn genetics—studies that only 
last year won a Nobel prize for the $1-vear- 
old pioneer. 

Dr. McClintock found that certain genes 
do not necessarily stay in one place in a 
chromosome, but can jump from one place 
to another, and even to different chromo- 
somes, Skepticism greeted her findings until 
such “jumping genes” were discovered in 
bacteria, fruit flies, and other organisms 
Now we see these transposable elements as 
potential carriers of engineered plant genes. 

Dr, James Peacock and his colleagues at 
the Commonwealth Scientific and Indus- 
trial Research Organization in Canberra, 
Australia, were able to isolate one of 
McClintock's controlling elements. The 
team hopes to use the transposable elements 
as vehicles to introduce genes of agronomic 
importance into corn. 





Diagnostic sleuths, monoclonal 
antibodies on the surface of a beac 
(above) are used to detect the presence 
of hepatitis B virus in donated blood 
at Massachusetts General Hospital 
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Why are we working so hard to increase 
plant vields when United States farms al- 
ready produce surplus food? In answer, 
David Padwa, chairman of Agrigenetics, 
picked up the day's newspaper and pointed 
to headlines he had circled in red. They told 
gloomy stories of drought, crop devastation, 
and farmers’ bankruptcies. 

Padwa amplified: “In one-year our sur- 
plus stocks fell by 55 percent, toa razor-thin 
5 percent above absolute need. The world 
ordinarily has only a five-to-ten-week sup- 
ply of food on hand, Near ten weeks, prices 
plummet and farmers go broke, At the five- 
week level, food gets scarce and expensive, 
and consumers revolt; the drought of 1983 
nushed us toward that lower level. Even 
when we have a surplus, millions in poorer 
countries go hungry," 

How soon will genetic engineering make 
its contribution to agriculture? David 





in Boston. The new test is nearly hvice 
GS sensitive os previous ones 

Dinected with hybridome cells, the 
ubiquitous aboratory mouse (above) 
Serves as 2 living incubator to produce 
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Padwa expects only a trickle of products un- 
til the end of the decade, then a steady in- 
crease. In a more optimistic vein Dr. Brill 
says, [wo years ago 1 would have predict- 
edit would take ten years to get to where we 
are today. We are going to be even more 
surprised in the future.” 


IOTECHNOLOGY'S ROLE in our 
energy future is at first less obvious 
than for health and food, because we 

cannot clone inanimate things such as. oil 

and gas. Nevertheless, we will probably be 
using g@enetic engineering to increase our 
supplies of these substances. 

One resource is petroleum that refuses to 
flow from spent wells. There may be as 
much as 200 billion barrels of this oil, worth 
trillions of dollars, trapped under the United 
States alone. Dr. Orlo Childs of the Univer- 
sity of Arizona explains: “Most of the cil 


quantities of a. monoclonal antibedy at 
Hwbritech Inc., in San Diego, California. 
By such means, scientists lope to 
revolutionize the diavnasis and 
Treanment of many illnesses 
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The gauge of success in the treatment of 
23-year-old Cheryl Gasper, mother of 
baby Gregory, is monoclonal antibodies 
After Cheryl received a fidney from an 
unrelated donor two vears ago, Dr 

A. Benedict Costmi, right, began ising 
monoclonal antibodies (MABs) to detect 





her body's level of T cells—fighters 
against infection and other foreign 
entities. Within.a week a high level of 

T cells indicated an attempt to reject the 
alien kidney. To suppress the T-cell level 
Chen] wes piven aninjection of a 
spectiic MAB known os ORT. Here fr, 
Cosimi takes samples of her blocat to 
cornttinue the monitoring of her T cells, 
This precision prescription os the first 
beodd-seoleuse of MABs for therapy os 
well 2s detection, 





remains underground even after we flush 
with water, because it clings tightly by coat- 
ing the rock surface. Think of what happens 
when you pour oil, water, or mercury onto a 
glass plate, The oil actually wets the plate, 
forming athin film, just as it sticks to rock in 
a well. The water beads up and leaves only a 
few wet streaks. The mercury beads, on the 
other hand, dance across the glass as fin a 
hurry to leave, not wetting the plate at all. 
The trick is to make the oil behave more 
like mercury.” 

Bacteria could help if they could be modt- 
fiec| to release agents that act like detergents 
and loosen the oil, but the extreme cond- 
tions deep within rock formations compli- 
cate this simple concept. Such bacteria must 
be formidable organisms indeed: able to 
loosen the oil; able to survive high tempera- 
tures, pressures, and salt concentrations; 
and able to live without oxygen—in-an envi 
ronment known as angerobic, 

Several bacteria meet one or another of 
these requirements, and some bacteria, such 


as those living near hot vents in the ocean 


floor, even satisfy several. Putting all the re- 


quired characteristics into one microorgan- 


ism would be relatively casy if we knew 
more about the genetics of these bacteria. 
Unhappily, we know very littl. The gap 
underscores the importance of basic re 
search to technology. 


N THE LONG TERM, when we have 
squeezed the planet for its ail and gas, we 
will need renewable energy sources. Here 

biotechnology would operate on more famil- 

iar ground and could fill a vital niche. 

“The green plant,” observes Dr. Melvin 
Calvin of the University of Califorma at 
Berkeley, “is the best device known for cap- 
turing and storing solar energy.” Plants al- 
ready produce the sugars that we have been 
fermenting to alcohol for millennia. Alcohol 
mixed with gasoline makes gasohol, We can 
easily design cars to ruin on pure alcohol, Un- 
fortunately, in distilling alcohol we expend 
considerable costly energy 

Imagine instead a veritable petroleum 
tree: You drive a pipe into its trunk, as in 
tapping a sugar maple, and out flows fuel. 
Just such a plant inhabits Dr, Calvin's ener- 
gy nursery 
The tree, Copaifera mulfifuga, can be 


National Geaerapine, December (9d 


tapped to give about ten gallons per year of a 
substance remarkably similar to diesel fuel. 
However, tropical Copatfera grows poorly 
in the temperate U.S. Dr. Calvin suggests 
a genetic solution. 

A cactushike plant, Euphorbia lathyris, is 
adapted to northern climes and already pro- 
duces an inferior oil, This plant lacks an en- 
zyme that Copatfera relies on to produce its 
better product. Dr. Calvin hopes someday 
to identify and transfer the gene (or genes) 
for this enzyme to Euphorbia, allowing it to 
make a higher-grace ail. 

Whataboutourmountains of waste mate- 
rials—trash, sawdust, cornstalks? Farms in 


Revolutionary 
new technique 
fights 
bone-marrow 
cancer 


BONE-MARROW CANCER attacks the 
source of the body's [numnune system, the 
murow that produces cells ane 
untibodies needed to fight all manner of 
infections and abnormalities. Recently 
medical science hos developed a bald 
strategy that peeks to destroy the concer 
and replace the diseased marrow. 

Here syringes extract samples of 
discased marrow | from apatieont’s 
lorger bones, The marrow ts then 
cleansed 2 outside the body, by means of 
monoclonal antibodies coupled bo towrins 
on radioactive substances that could be 
dongerous if uned in the bioodstrecnn, 

Diseased marrow remaining in the 
bacty is then destroyed by high-energy 
radiation 3. At this point the patient is 
put into a. totally sterile environment 4, 
since without bone marrow there ts no 
Ditone sytem bo repel even phe 
slightest infection. Then his own 
cleansed marrow, now free of cancer, is 
implanted in his bones 5, Grrowing 
quickly, it can restore itself and the 
body's immune syatem in a few weeks. 
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the United States produce about 200 million 
tons a year of cornstalks. These can he 
burned for energy, but a more effective use 
might be to convert them into sugar and 
thence into alcohol. 

These wastes, however, contain celly- 
lose, a Chain of sugar molecules linked by 
chemical bonds that some bacteria cannot 
break. That is one reason why cellulose in 
foods such as bran or celery passes through 
our bodies undigested. Enzymes do exist, 
however, todo the job. Genetic engineering 
permits us to transfer these to the proper 
microorganism for breaking dewn cellulose 
Lo SUPAr, 
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Within:2 decade we may be able to cost- 
effectively engineer sugar into methane- 
natura! gas—and other useful chemicals. 


DECADE AGQ), at the beginning of 

the gene-cloning era, many people, in- 

cluding the gene cloners themselves, 

saw potential danger in their new technol- 

ogy. A major concern was the choice of £. 
coli to carry recombinant DNA. 

What if engineered bacteria escaped and 
get up shop in people's intestines? If the es- 
capees carried novel genes (for cellulose 
breakdown, for example), could they cause 
unforeseen problems? 

These fears, which led to an 18-month 


Search for cancer cells 
scores a win. These scons 
show radionctive tracers 
linked by researchers af 
the National Institutes ay 
Health to monoclonal 
antibodies that 
specifically bind ta 
metastatic cancer cells 
Firat scun (top), made 
two hours after the MABs 
were injected, confirms 
the entry of peek-and- 
bind MABs in the heart. 
Sever doys later, ina 
subsequent scan (below), 
PHVeICIONS cot discem 
that the yellowish spots at 
right center are formed by 
MABs that have found 
and bound themsetves to 
the souwght-for cancer cells 








moratorium on recombinant DNA re- 
search, probably were groundless, The spe- 
cial strain of &. coli that gene cloners use has 
been so pampered in the laboratory that now 
it cannot long survive in the human imtes- 
tine; it fares poorly in competition with other 
bacteria that inhabit the gut. 

The responsible record of molecular bi- 
ologists has quieted most criticism of the 
safety of genetic engineering. But a deeper 
concern persists—uneasiness about where 
genetic tinkering could finally lead us. 

This uneasiness was explored in 1982 by 
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the President's Commission for the Study of 
Ethical Problems in Medicine and Biomedh- 
cal and Behavioral Research. Few would 
object to trying to cure sickle-cell anemia, 
the commission noted. But the line between 
good and bad can quickly blur. “What for 
one person is therapy, is to somebody else 
fiddling with human characternstics,” com- 
ments Alexander Capron, then executive 
director.of the commission. 

Consider achild witha below-average IQ) 
of 80, Lf we could raise that child’s 1Q to 100 
by genetic means, should we? Andifso, how 
about raising another child's above-average 
1Q of 120 to 140? Today such alterations are 
a5 unattainable as the questions are dithi- 
cult, 20 it may be premature to worry about 
the line between therapy and tinkering. 

More immediate is the question of ma- 
nipulating the genes of a human embryo. In 
such acase we would be altering not only the 
patient but his or her descendants as well 
Vet that intervention is theoretically posst- 
ble, Supermouse demonstrates that we can 
place new, active genes in mammalian em- 
bryos. However, selective breeding tech- 
nigues applicable to human beings have 
been available for centuries and people 
have, by and large, had the good sense not to 
use them 

Mr. Capron’s commission recommended 
that a permanent federal panel be estab- 
lished to propose regulations and monitor 
genetic engineering in human beings. Mean- 
while, a watchdog group known as the Re- 
combinant DNA Advisory Committee, 
created by the National Institutes of Health, 
requires review and approval of “deliberate 
transfer. ..into human subjects." Viola- 
tion would mean loss of grant support, a 
severe penalty for scientists. 


THER DILEMMAS deeply trouble 
many researchers. The increasing ties 
of research to industrial applications 

create aneed forsecrecy that casts pall over 
what was once adelightfully open field. ‘The 
amazing pace of research in industry—as 
well at the vision of riches—is luring awa} 
many talented academic scientists. In addi- 
tian, the increasing percentage of research 
supported by industry tends lo emphasize 
product development at the expense of ¢x- 
panding fundamental knowledge 
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Cancer 


MONOCLONAL antibodies 
hold potential as precise 
Wears for te war derirst 
cancer. Converttional 
tTreahment has involved a 
“shotgun” approach, treating 
the whole body with dnigs or 
radiation that attack all high 
metabotism cells in an often 
incomplete atterntpt to destray 
the cancer cells 

This: wide poisoning 
destroys mary of the body's 
healthy cells in hoir follicles, 


Maaic bullets battle 


intestinal lining, card 
reproductive orpans, causing 
loss of hair, nausea, and other 
discourdging side effects 

With the accuracy of a 
supers rifle, a monoclonal 
antibody Bound to a low- 
energy radioactive tracer can 
recooize a cancer cell by the 
shape of one of its surface 
proteins, this pinpointing 
cancer sites (top left and 1) 
60 the diseased cells can be 
treated locally, 
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Then, antibodies linked ta 
furs Such CS Tee Cer be 
dispatched as hunter-killer 
teams to bind to the cancer 
cell 2 and destroy tt with a 
dose of porson.3 without 
affecting healthy cells nearby 

Ina variation of the same 
technique, high-energy 
radioisotopes can accompany 
a monoclonal antibody on the 
same mission, destrovineg the 
concer with short-tived 
radiation @ 
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To fight frost, plant pathologist Dr nplont feqves. Lindow holds a 
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(ur new found ibility to encineer human A related question hae todo w th the mn 
genes raises philosophical questions that = rality of meddling with the natural course of 


may be debated for years to come. By alter- evolution. Some years ago eminent hio- 


ing life-forms to suit our needs, are we play- chemist Dr. Erwin Charzatf askec: “Have 





ing God? There arethose who arguethatwe we the right to counteract, irreversibly, the 
have been doing this for centuries by breed- evolutionary wisdom of millions of years? 


ing plants and animals. Others counter that This makes nature sound both benign and 


rene cloning is so much more efficient and wise, but Dr. Stanley Cohen of Stanford 
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orce, not just an improvement of existing cloning, points to nature's darker site: “I 


technalogy is this so-called evolutionary wisdom that 
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the reledee of muti 
the environment, achvist feremvyv Rifkin 
(bottom left) filed a lawsuit thar 
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pave us bubonic plague, smalipox, vel- 
low fever, typhoid, polio 
CANCE 


and 
He reminds us that we have been 


toying lo countlenict this “wisdom” since the 


Mia betes. 


birth of medicme and in many cases have 
Is this wrong? 

Finally, by probing the secrets of the atom 
we created the threat of global annihilation: 
Hiologicad truths that might 
better remain hidden? But think of 
much meaner our lives would be if it were 
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meat year. [nademonstration (top 
left) a citrus leaf freezes in ice-cold 
witer containing the frost-producing 
DOcteria. Another eof exposed ti 


Lindow's mutant strain does not freeze 


nat for knowledge gathered in this centun 

Dr. Paul Berg of Stanford University, one 
of the pioneers of the gene-splicing era, ob- 
‘In the acquisition of knowledge, I 
think it would be disastrous to try to antici- 
pate what we don't want to know, what we 
don't want to learn.” 
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These are the issues we must ponder as we 
pursue the excitement of scientific discovery 
and the hfe-enhancing technologies that lic 
beyond SUpEermouse [] 


Key to *84 


Which 1984 issue featured the 
cavie hologram on the cover, the 
article on the great-gray owl, 

or the historical map of Japan? 


Here is brief key to the past year. 


More detailed six-month 
indexes are free to members upon 
request to Dept, 4671. The index 
for the first six months of 1984 
( Vol. 165) is now available. That 
for the last six months ( Vol. 166) 
will be ready in January 1985- 

Members with collections 
spanning 4 number of years may 
want to purchase the new 608- 
nace National Geographic fadex 
Io47-1084, which inchides entries 
on maps, books, an television 
specials. This is available from 
the Sixciely for 3413.95, 
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| |verybody loves the old family vacation. 

= But while Mom wants to see the great 
cities of the world and Dad is envisioning golf, 
golf and more golf, the kids are eager to meet a 
certain mouse. Now there’ a way to have it all on 
your next family outing. Come visit the Walt 
Disney World resort, home of 
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OUR WORLD, AND 


WELCOME TO IT! 


Walt Disney World/Epcot 








Epcot Center/Worid Showcase | 


7, Por the first time ever an 
Audio-Anmatoncs boure Wail. 
Ben Frankiin chmbing ihe stairs 
nthe American Adventure, 
presented by Amenoan Express 
and Coca-Cola, is enough to 
fase more an & few eyebrows 
2. i may look like we moved the 
ia Tower to Central Flonda. 
Dut its actially.@ very con 
wacing repraducton of Gustav 
Eiffel's original! Slueparints 
a. Wii 222 Moroccan lighting 
iwuwres ang nave craftsmen lay- 
ing the intricate tie work, fhe 
newest, most omole country fo 
grace Epcot Canter is authentic: 
fo fhe srmafest chet aul 
@. Jo fim footage for fhe Won- 
ders of China mowe, a Disney 
crew fad to carry @ 900-pound 
camer up 16.700 stone stenoses fo 
China's Huangstian Mountains 
5. Reproducing @ scaled-down 
vernon of tay s Campane 
Ower meant Oaying cise atten 
bon fo cefail, np down fo ine 
haw on the baor of the angel's 
ACH ard Mir soln govited! SAny, 
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We doa lot more at Epcot Centers 
than make SMRT-I'smart. 


The robot's name is SMRT-1, (pronounced 
“smart Sate "), ie can recognize your voice, 
and chal nge you toa vi anety of exciting 
cames. And we're the power behind him 
Along with robot power, our computers 
provide c i mun ws monitoring fF it) if Vier 
attraction at Epcot Center. T hev OVETBEE 
security and energy management through- 
out the Walt Disney World resort. And 
over 15,000 Walt Disney World employees 


depend on them for up-to-the-minute work 
schedules based on that day's actual 
number of puests 

We help bring imagination to hile at 
Epcot Center, and we're helping its dreams, 
from robotics to ene FEY Manarement, 
become re ait ies worldwide. 


4 SPERRY 


(thimal C crnpalter Supplier to Walt Disney World Epent Center. 





Epcot Center/Future World 





6. The Land, pregentad Oy Kraft, 
COVES @ Vast Si Cres Inchqing 
tree ecological communities, an 
Aucio-Animairowes show, a 
Movie (iat ait a rotated 
restaurant, 
y. Mobite “theater cars” travel 
rough prehistoric scenes pow 
ered by hwo acres of solar calls 
on the roof of the Universe of 
Energy, presented by Exron 
= Od you Anow fhere were 
2,000 Cenfeniians living in the 
i 5. today, or that Alaskans 
have & higher average income 
than any ole state's paope? 
These iti other fon facts are af 
your fingertios in Eooot Com- 
puter tral, preseniad by 
SDerry, 
9. Hosts of Journey info imadgi- 
fation, presented ~ Kocmk, 
Figmen and Ormaniinder say 
hee to Future Word guests. In 
ihe background, Spaceship 
Earth, presented by ATAT fee: 
tures an citer “skin” witht 14.370 
Qunnuwn ad fasic aloy 
angles Of its surface 
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TRY THE FUTURE ON FOR SIZE Won- 


dering what the world might be like five 
years down the road? Ten years’? One hun- 
dred years’? In Epcot Center's Future World, 
youll be surrounded by a future that you 
can see, touch and experience right now! 
Build and ride your own roller coaster with 
the aid of a computer. Experience the feel- 
ing of traveling at breakneck speeds 
through special “speedrooms.” Conduct a 
symphony with beams of light and a wave of 
your hand. ‘lake a trip through the heart of 
a DNA molelcule, Exercise your artistic side 
using laser beams and a touch-sensitive 
television screen. Converse with a robot 
that can guess your birthday. It’s a future 
beyond your wildest imagination, but you 
won't need to imagine to experience it. 
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(C0. For 4 fast-paced ode, ih 
River Country where water is 


Dumped frown ho sides and 


a white water rapids af the rate 
of 6,000 galians a minute 


iT. Discovery syria Covers 
17'S aores and iS M0 Te to oO 
Bement OFS and i253 tr; 58 arts Fi 
plants Freon 1 arcs Ln d fhe eiCuh 

iz. Aver 224 savboats, pontoon 
boars. T-SPACE and 
Oey Oeasire ¢ alt Tht ae Vie 
Vacanor Fraggon Morne fo ie 
Sih la ages! ninvete mavy in tira 
Worl 

fa, if yon A canpnig, youl 
love Port ir demess and its a28 
campsitus on 650 furl-litted acres 
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LEISURE TO PLEASE YA Go ahead, soak 
your toes in a cool pool, play a round of goll as 
a matter of course, love tennis or cniise the 
waters of the world in a splashy, sporty mini- 
speedboat. The Walt Disney World resort has 
a wide variety of unique diversions that are 
sure to please. Watch the birdies and avoid 
the bogies on three world-class goll courses. 
Slide and splash through water [lumes, 
white water rapids and the best darn ol 
swimimin’ hole this side of the Mississippi at 
River Country. On Discovery Island, rub el- 
bows (or tailfeathers) with birds and beasts 
of every color and description; caress a cock- 
atoo, pet a parrot and just enjoy nature al its 
very best. [ts leisure, Disney style and it’s all 
here at the vacation destination of the world. 








DINNERS YOU'LL RELISH So you ve jusi 
played two full rounds of golf, traveled 
around the world or met your favorite mouse. 
Now sit back, relax and enjoy dinner, At Ep- 


cot Center, sit down to a hear ty portion of 


Bangers and Mash in the United Kingdom or 
try the Mole Poblano in Mexico. Then there's 
the seafood of the Fisherman's Deck, and 
other restaurants of the Empress Lilly River- 
boat in Walt Disney World Shopping Village. 

The fabulous dinner shows may find you 
doing an island dance with a pretty wahine 
at the Polynesian Revue, humming to the 
freat tunes of the Great White Way at Broad- 
way alt the Top. or filling your belly with 
laughs and barbequed ribs at the Hoop-Dee 
Doo Revue. Its a dining paradise, found in 
the Vacation Kingdom. 
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| Bisa Won Where vou Can 


: f WiBaAAT as ; Weir? FLAT fae 


Disney Hwrachys an the ade 


= 


re The | Polynesian Aevue, a! 


VT. Bid MiSs il 

If hey a aaa rye strict el aie 

Tey islawicl TaYanes iD ne iii GF 
UO Guess gaat pear, 


in o Empress City River- 


boat, 2 22-foof renica of ar 
Airey CEA Stir whiebeade reese 


ree ie =a ml Lif Files j 
= lel Thread fio; Catal lop 

Aid oy aft. ee Inaoee 4 
oF Cc ate cori a ‘lie we iS Thane 


iil — j ~ _ ~ | 
Tee ite Fegieirarns 


Days Innisa better place to stay. 
For less. 


Stay with us on your next top and you'll see wiry: : 
AY Days Inn motels, you'll get clean, quiet accommodations with two double beds, 


color TV, direx + well lighted and appointed bathroom with separate 
dressing area. You'll also enjoy great food and friendly, quick service in our restaurants. 
Best of all when you stay at mast [ lays Inn motels your kicks 12 and under eat free 


breakfast lunch and dinner That's value! With convenient locations all across 
America, you're sure to find a Days Inn motel close to where you're going. Try us. just DAYS INN. 
a 


4 clial phone. plus, a 


; Merica, ¥ = 
once. And compare You'll see why we're a better place to stay: . for less 


scion us. spiny compare. Call 1-800-325-2525 
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Walt Disney World/Magic Kingdom 





LOTSA MICKEY, LOADSA MAGIC! When 
was the last time you shook hands with a five 


foot mouse or were serenaded by a troupe of 


singing bears? If you're hard-pressed for an 
answer, come visit the Magic Kingdom. Here 
youll ride a runaway mine train through Big 
Thunder Mountain, pick-up a hitchhiking 
ghost and biast off toa pulse pounding flight 
through space Mountain. The magic's here. 
And it's waiting for you! 

There you have it. Mom gets the world. Dad 
gets his golf and the kids meet the mouse. 
But more than that, everyone has a vacation 
of non-stop fun and a lifetime of untorget- 
table memories at the Walt Disney World Va- 
cation Kingdom. So come visit! 


For more information on a Fs ut Disney Wortd vacation and aceom- 
modations write to Walt Dis rhe Worried ‘Dept. US NG). PO. Bex 40. 


Lake Filner Viste, FL 92 eat) 
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18. Cinderella Castle. ihe mas! 
recognizable symbal of the 
Mage Kingdon, boasts ive 

of mosaics, Gaon 15 feet high t ou 
O Maer wade gird featuring Aun 
dreds of nousanas of indiveduar 
Ges, rea! silver and gale imal 

ff, For fhe first hee, & mountain 
commafas the landscape of 
Fionda, thanks to Big Thunder 
Mountain Raliroad, 

20. Heeoing the Haunted Man- 
sion hurled requires soreading 
cust Oy fhe pound. Since ope 
ng eougy dus! has been used 
fo Gury fhe entire budding 

21. Because one rk ad wees f 
enquwgn, the Jungle Cruise fag- 
fuirTee fora eed fauna fron oi- 
verse landscapes including the 
southeast! Asian jungle, the Mile 
valiey, (he African veiol and the 
Amazon fain forest 








Is it too. much to ask for soace 
behind tha seat so you cont tae! 
cramped? So your tools or sports gear 
WON) need the passenger seal’ 

The Toyota SAS XTRACAB doesn't 
think 50, Thals why theres mira 
space Defend the seal and, up trot 
mare leq room than in any small truck 

——n The XTRA- 
a «CAB also has 
full, rich carpet 
ing, reaching bucket 
Sent and options 
WEL WELIEhT 
expect to find ing 
POL Truce. Lie avi 
AM/FM MPA sound system with ane: 
troreo turing, cassette and hand 








GEAR eval thet puts others to 
shame. Like a 4speed automwtc iver 
Ore transmission, Linea /yyay adwst 
gble drivers Sport 
Saat to Inewige 
WOU even more 
NY thes 1s: the 
mine Of SOW TeNy 
you ve been looking tor 
Ie Tes, mad on 
ATHALABS 24 liter engine with 
TIE hp is the mast powerful aver bulls 
for a truck on its class: And ite allenew 
colnputer-controted Electronic Ful 
Injeckon system provides the most 
bower Witihe newer taking its-eyve off 
SPOCMIOTTY 
These ore more of the special 





THE 1985 TOYOTA SRS ATRACAB. 


extras: you ll find here that make driv 
ina there as easy as possible 
Unce you fest glide the easy ride of 
an XTAACAB. you'll wonder 
Wy VOU Bhvays Taought 4 
Trucks were only for driv- 
BTS Cavern logs fro 
tha Mountains and aquip 
PENT to Guliclene sites 
Climis into the 
world of XTRACAE i on 
There's extrafun ~*~ 
waiting foryou here that’s just your style 
TOYOTA TRUCKS MOST POWERFUL EVER! 





BECAUSE YOU SHOULDINT HAVE YOUR BACK 





UP AGAINST THE WALL 






4) Eastman Aeoaisk | oman, [Hal 


L ELECTRONIC VIEWFINDER. 









4. AUTO FOCUS, 6X AUTO ZOOM, 
AUTOMATIC IRIS AND 
COLOR BALANCE. 


2. HAND-STRAP GRIP WITH 
CONTROLS FOR STOPSTART, 
TELE/WIDE AND TRIGGER, 

5 SMM CASSETTE 

i COMPARTMENT. 


6 PLAYBACK. 


3. WEIGHT: ABOUT 5 LBS. 
WITH BATTERY. 


Its eatures were des 


Everything Kodak's learned about peopl t color.and sound elarits 
Tikes Len nclick DAS Zone Mo OUT eXTraoroimary naw YO We Cone Ti ch expe (from Kodnk, Teta 3 
video avater rea Lrvurte inatee tales up ne more room than a regular 

ao. aa ad the K Havision series 2 i don ais Fy Hid CASseCte NMES wrt it a | bioanierd ye LO CrEALE a enn] 

F V4 ith Tec) SFPOATALe 


Ale or O60) 


IM SR Lracroinary HOw caMcort le iT Wi aHnere-Piece CAMs ra and recorder 
So inated of 


. a 
‘ m : z 
1 Sam! | | lege Crh SP ] [t's iT ark nl ly, Ae FePCOoT ef LET I 4) TSS Wier i forts 


le vou can take it an wien A Twck fty fretting Langled ip in the equipment, you tan get 


| i 
| 
plicated, you'll » Arit 104, 


Hi ww cit cm ft nda fh chey it ‘Bs [) ioneering & fet OTe THE KODAVISION CA MCORDER V4 (0), 
through in home vick the new, salle . DESIGNED TO LET 
format &mm video taps , YOU FOCUS ON THE MOMENT. 


BMALIT PUTS AS \ 4 Warried abcut missing a great shot becauae 
LITTLE AS POSSIBLE BETWEEN gga] MMM. ve iibiline witive lot of eemes? Dow 
YOU AND THE ENJOYMENT. j With the Kodayision camcort re rch ISD 


- 
cure irae aet i 
ie El is Lp et 1 | a 0 | 


Want a video format with a OPO ih {1Oeo Cassel te, St 
Our himim video tape has the excellent quality WO Te PLY Coo pe 

if = | ; oe | ae So ee i 
of 4" tape, and more importanth, give ; Hut dont think that just because 





4. The Kodavision camcorder is designed 
to let you keep your mind on what 
ym re recording. It remembers to focus 
with you. With the Kodavision the shot and adjust the color balance 
camcorder, you can review the results = and exposure—continuously and 
instantly because the monitorisbuilt 9° oe fo “er, automatically—so you don't have to. 
right into the eyepiece. : J 












lL. Can't wait to get home and see what 
you ve shot? Well, we see eye-to-eye 


2. You hardly have to lift a finger to 
Operate the Kodavision camcorder, 
We put all the important shooting 
controls within easy reach. 







i The amaller the tape, the 

smaller we can make the 

camera and recorder, In fact, 

they're all in one piece, 

4 so you dont have to shoulder 

the burden of a separate 
recorder wit. 
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"hi i -. el 
ihe carvied 
rally you'll want to 






in one d. 3a abars 
Carry hn places. 
6. Smile’ With the Kodavision video 
system, you never have to worry about 
campatibilit FA with your current video 
’ equipment. [t hooks up easily loany TV 
eet and lets you dub recordings to either 
VHS or Beta format 


camcorder from Koda 
ened to match yours. 


fsa cf a ski sl 


tad ri 


WOW, RELIVING THE MOME AIS TS AS 
EASY AS CREATING THEM. 
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APHAT IMPORTANCE do we attach to 
the membership of the National Geo- 
graphic Society? Simply put, members are 
all-important. Collectively, you enable the 
Society to support research, to publish per- 
iodicals and books, to produce TV programs 
for public broadcast and other educational 
materials for use in schools. 

At nearly 10.5 million members, our size 
(1 emphasize our) is enormously helpful in 
realizing these projects. Yet that same size 
may leave many members without a strong 








‘= TreLee By MS BETH, aT Det: GROSS See 


Society President Gilbert M. Grosvenor 
and Mrs. Grosvenor, at left, and Dr. Frank 
C. Whitmore, [r., fiaten to Antericon 
archoeologist Dr. John Camp explain how a 
second-cantury travel guide to ancient 
(Freece ids his investigations of the Agora, 
or marketplace, of Athens’ classical period 


personal feeling of their partnership role in 
the Society's enterprises. 

There are, [ think, two other factors that 
contribute to this situation. First, the Soci- 
ety does not try to build member solidarity 
by advocating causes—no matter how good 
they micht seem to be. We do not lobby for 
legislation, nor do we urge members to sup- 
port or attack special interests or doctrines. 


Everything we do grows 
from the membership 


Another factor that. may dilute the sense 
of membership is what might appear to be a 
short listof benefits. The principal mem ber- 
ship benefit is, of course, the monthly arriv- 
al of NATIONAL GEOGRAPHIC. Less obvious 
ismember access to other Society periodicals 
and books at-low cost for value received 

We are now considering what additional 
benefits we might realistically offer Society 
members, vet we are proceeding cautiously. 
Any future benefits must be useful, must be 
available to all members, and must be in 
harmony with our fundamental purpose, 

I began these columns last January with 
an account of the Society's founding, and I 
have reported on such Society activities as 
a new building, two new periodicals, and 
help for gifted children in New York City 
schools. While this is a season for annual re- 
ports, hope that members will excuse me if 
Lforgo a roundup of the past vear—properly 
done, that would take dozens of pages—and 
instead continue to share with you the Soci- 
ety's progress on a monthly basis. 

Many current and deserving projects 
awalt mention. Uithers-are imminent or are 
in the development or planning stages. 
Some are dreams. | hope to discuss these as 
they move into the testing ground of reality 

Evervthing we do grows from the meim- 
bership, Nothing the Society has done, is 
doing, or will do is apart from Society 
members. 

Instead of sending vou bumper stickers or 
manifestos, the Society supports explora- 
tion and research. I hope that you the mem- 
bers will take personal satisfaction in the 
Society's work to advance knowledge. 

Together, we have become the world’s 
largest scientific and educational organiza- 
tion—an everyman's university. That isa 
major accomplishment, and | comment 


vou all. 


PRESIDENT, NATIONAL GEXIRAFPHIC SOCIETY 
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The 1985 Turbo New Yorker. Once you 


Chrysler introduces the new technology 
of driving: Wrbopower in its most advanced 
luxury section 

Here is the confidence of front-wheel 
drive, ine security of advanced electronics and 
the quiel, smooth, comfortable ride you expect 
Ino cistinctive luxury cor, 

And Rere ore the luxuries you demand 


Aulomatic transmission, power windows, 
POWEr STEEMNg, Powel nrokes, Ow er AEMOre 
Wrrors ond incividual pillow-style reclining 
seats ore. all stondara 
And finally, here is the new technology o 
turbopower, More power fo move you, More 
cower to accelerate. To poss. To cruise in s 


rane comfort... yet with remarkable 


TV ent 


om) “Boe 


Poe 


drive it, youll never go 


2d hwy, est. mpg [201 city est, mpg." 
urbo New Yorker merits coreful con- 
siderotion by every luxury cor owner, from 





Caodillocto Mercedes, ltis backed by o 5-year, 
50,000-mile Protection Plan covering drive- 
train, turbo ond outer body rust-through 

The new technology of driving must be 





back to a V-8 again. 


lurbo New Yorker Once you drive it, you'll 
never go back lo o V-8 again. 
Purchose or legse your 1985 Turbo New 


Yorker at your local Chrysler- —- 
Plymouth dealer a] 
Buckle up for safety ye 
Cinryaher 
| Cinrysler | 


expenenced. So Chrysier invites your tes! drive Chrysler The best built, best backed American cors. 
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National Geograpnics 
Gonected Like Fine Books. 
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, ge 1 cool shaded home 


and a searing laved- 
Stipe ay Shen 
worlds apart, bul 

the only difference 
between the two are 
trees... Cotserv ation 
Trees that con turn a 
desert info wu cogling cases | 





Thanks to trees, we can ce the ravs of the 
sun. When trees shade our homes, the 
temperature drops substantially, Chat 
mens our air Conditioners won't have to 
work so hard in the summer. We save 
Enerey, a0 money as well, 


Conservalion Crees do o whole lot more. 
Plonted on steep hills, the trees” roots keep 
the land from washing away when it rains. 
And in the country, trees can be planted as 
shelterbelts keeping the soil from blow- 
ie away. 


Find oot how Convervullon Trees can help 
| vou. For vour free brochure, write: 
Conservation trees, The Notional Arbor 


Dav Foundation, 100) Arbor Avene, 
Nehraskha City, SE &a4]0 





American 
Red Cross 





We ‘ll Help Will You! 








_GIVES YOU 
THE OUTLETS 
YOU NEED 














phones you can count on as well as callon. 
Whether vou buy them or lease them. 

















‘we 2 woe OUR INFORMATION SYSTEMS 
si = f= | = piesa ae a ee a el ell We designed our information systems 
Neal il al Lt ft 4 ji] for business by putting ourselves in 
F ' eo er 1 ee oo your place. Systems that grow when 


you grow, change when you 
change. Complete with 

| digital technology that ll 

, integrate ¢ cOmMmumMcations 
with everything from temperature 





Theres one word to describe today 5 


world. control, to electronic mail, to security, Or data 
Hectic. communications terminals, modems, tele- 
Information coming in. Information conferencing equipment and more, 
going out. Voice, video and data. For customers who only want phones in 
It can all get pretty pressure-packed. their offices, we are constantly improving 
Which is where AT&? comes in. Centrex services to satisty many of these 
We'll help you cope with this new world of | same sophisticated voice and data needs, 
information management. And we offer a quality thats getting harder 
Something we've been doing for 108 years and harder to find in today’s world. 
with the best telephone system in the world. Reliability, 
And what we did for telephone communi- Not only do we have customized systems 
cations, we're now doing forall kinds of that monitor themselves, we also have a 
information. service that keeps tabs on them 24 hours a 


Making it easily available and easy touse. day. Plus the industry's largest and most expe- 
nenced service force at vour beck and call. 





PHONES THAT SAVE EVERYTHING Saepareed Iiviws acai sais 
| 8) VOUT Pes Say Up. 
FROM TIME TO LIVES, ad tesipdcyice Soles pica 
| Not to. mention your productivity. 
We've designed our phones to make your : 
life a lot easier. And a little safer, too. A GLOBAL poh Bayt THAT OFFERS 
Phones that will dial and redial busy and A WORLD OF DEPENDABILITY. 
unanswered numbers, so theres no agerava- Whether itsa home phone, information 
tion, And phones that will answer the phone 
for you. 


Cordless phones that ll go the distance 
with clearer and more secure frequencies 

Cellular mobile car phones that go far- 
ther, so you're never out of touch even when 
youre driving. 

A phone that automatically calls not 
one, but two preprogrammed numbers in 
case of fire or other emergencies. All 





system, or computer, ATAT lets you reach out 


and touch any place in the worid. 

With an incredible computerized network 
that takes you from Tokyo to Kokomo, from 
Cairo, Ilhnois, to Cairo, Egypt. And every- 





where in betweer. 

SO you can send and receive voice, video, 
or data across the country or around the 
world. Or meet face to face through telecon- 
ferencing, so you don't have to worry about 
time and travel costs. Or even have unlimited 
access and budget control through our 800 
numbers and WATS lines. 

An intelligent network that's not only the 
most rehabie in the world, but the most 
Hexible. 

As well as personal, 

With real human bemgs—44.000 opera- 
tors—who are always there to help if you ever 
have a problem. 


secession npr ael hahaa 
N COPE WITH. 





Tiaech es years m inventing everything 
from the telephone to the transistor, weve 
always Kept one thing in mind. 

The people who actually use what we 
wivernt., 

so everything we come up with isn't just 
sophisticated technology 

It's user-friendly technology. 

And as reliable as it is advanced. 





with buittin pe nt 


We can handle the Rewer i 
needs of any size city, town, or village 

In fact, our switches are used by countries 
and companies all over the world, 

Our lightwave technology is now 
bringing the world closer, faster—by 
moving millions of bits of video, voice, 
or data thousands of miles ina split 
second, 

All ona hair-thin strand of glass 
fiber Across the country or under the 


Oa. 

AT&T Bell Laboratories is develop- 
ing new advanced svstems af even 
higher levels of communication and 
information control. 

Systems that utilize conventional phone 
lines for data access—lowering the cost of 
(lata cals, 

Systems for the home and business 
that let vou know whos calling even 
before you pick up the receiver, 

But that’s just a sample. 

Today our scientists and engineers 













ATE advancing 
technology in all of the 
areas crucial to the movement and 
management of information. Creating and 
improving everything trom more powerful 
computer chips to soltware applications. 

Which all comes down to a future where 
the Age of Information will be available to 
more peope in more places than ever before, 

Legally, we couldn't sell our computers 
before, But mow we can, 





Super mictos, to st a. 
yeh with our new personal computer 

that can handle everything from financial 

analysis, RorecasUng, and bikdi@eting to word 


Heer trendly coniiciers that'll take the 
complexity out of information movement and 
management, 

Computers capable of working with other 

uipment you may already have. 
Tb give you the most flexible information 
systems in the world, 

And that’s not all. Our UNIX” Svstem V 

























spies: ‘youll be in touch with more ‘informa- 


tion faster than ever before. | 


We think youll be impressed with our full 
line of computers. 

Even some of the toughest people in the 
world to Impress are impressed. 

The Japanese, 

Japan's Nippon Telephone and Telegraph 
Public Corporation has bought 60 of our: 
38205 super minicomputers. 

So you're going to be hearing more and 
more about AT&T computers. 





CALL US AND WE'LL HELP YOU WITH 
MORE INFORMATION. 

Even after reading these pages, you ve 
oniy skinmmed our surface. 

So you just might have a few questions. 

Noe problem, just call us at 1800 247-1212. 

We'll try to give you the information you 
need. Or put you in touch with the right 
people to help vou. 

We think voull see that we're not just here 
to sell vou the Information Age. 

We're here to help you cope with it. 
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How Mitsubishi Eliminates 
A Problem That Starts 
P3QOQO00 Miles Away 
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suriight, the pic cure is greatly improved 
venir ite res no sunlight present 
Compared wi ith con- =<, 
VETIOOIN al television fl ibe 5, : = 
in fact, the range of colors | 
that can be peas by iT 
Diamond Vision is 15% te 
Ao wider— depending on 
the amount of ambient > 
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The new lypestar 
personal electronic 
typewriter from Canon. 


It’s srnall. It's ight. It's britianit 
YOu can held it in the paim of your hand: Or carry itin 
@ boekcase or rest fon your lap 


But don'ttettts smaliness fool you. it has a complete 
protessional keyboard and afl the features youd expect 
trom .an eectonc typewnter three times its size. Fypestar 6, 
for instance, has a full-page memory 32-character 
display for easy comechon, aytomatic centenng anc 
underlining and the ability to pant in double wath, Plus a 

Typestar 5 has a 15-character display and a host of 
you need it 

Because Typestar nuns on senple batteries or AC. 

S0 why not reach up now and hold your very own star 





Canon 
Peewee Fas oo ifie Gone so much 
© FO Conn A. ine Cangn WSA., in, Cine Canon Plu, Lake Sees, Ae De 
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NOW THERE'S A GE PHONE THAT AUTOMATICALLY 
CALLS BACK BUSY NUMBERS EVERY 3O SECONDS. 


And now General Electric gives you 0 very good reason fo replace your main 
Boone Because with the GE Auto Busy Redial Phone, you may never have to suffer 


h a" edi of a busy signal ial 

If the number you call Soy ae ricly press The Auto Redial 
Dution. The phone automatically redials the busy number up to 
6 times and rings you bock when it gets Through. if can abo 
remember 3 emergency numbers, plus 3 other numbers you call 
most offer: It even gives you the convenience of hands-free, 
on-hook dialing. 

All with the reassurance of GE quality. Its rugged construction 9 
has been rigorously tested. Its high-grade components assure = 
years of reliable performance. And it’s bocked by a full two-year warranty and ine 
support of the GE Answer Center™ there fo help 24 hours a day. (8OO) 426-2000. 

The new GE MAINFONE™ SERIES, The quaiity rings true. 


We bring good thingsto life. — 














DURACELL. WHEN YOU WANT TO BE SURE 
NOT TO MISS THE BOAT 
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. Chur albcsalirie bette nes, for nstance —longe-last lested. Sono matter what type or size vou nee. 
Ing battenes to begin with—have been improve you can depend on them to work. Shot aftes 
oo now they Il last up to 20% longer than the ones hot after shot. 

We Made just three years ago Or tor that matt 
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When if comes fo making them last longer, 
we never stop. 
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“The pioneer spint that pushed the railroads across America 
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drives many of today’s emerging growth companies 
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First Jersey Securities, Inc 
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“Tl demand a lot from: ~ 


the 
for my 


tipment I mee 
ILLSINCSS. So 


when] ota r 
and so t 


the lewiler And wl 
what? My telecomputi 


system does more than 
l ever thought possi 


Hayes. Leading the way 
with quality telecomputing 
systems for the personal 
computers that businesses 
LSC FTEOST, 





When itcomes to communicating 
—Comiputer to coinputer—Hayes 
says it best. All you need isa 
Hayes Smartmodem® (like a tele- 
phe ne for your computer) and 
Startcom Uf communications 
software. In no time at all you 
can create, send and store files. 
And automatically log on to infor 
mation services 

Tour Hayes Smartmodem pro- 
vides the definitive cx TNneChon 
while Smartcom I makes every: 
thing simple 

Smart com In now available for 
more than 27] persona! comput: 
ers, lets you easily Communicate 
with an [IBM PC on PC AT an 
AT&T 6300** and others! 

The Hayes Verification and 
XMODEM pr ofocols Pidrantee 


i 
~ Hinepd & ania 2 
ie es oe oe | — ie apy sl 

1 7 oe : =e — | if 


fn) Boe 
Tare 


error-ree trans mission fo awe 
range of personal computers and 
mainivames at information cer 

vices. Smartcom {! also allows 
VOUT COMmMputer to enmtiulate a 
DEC** VT$2 and VTIO/107. so 
you can communicate with 
many m ainframes 

Smartcom I adds convenience 
and economy to your communi- 
tahions. You cane “asily switch 


from voice to data transmission 


\ancd back again) in the same 
phone call This saves time 
and money, since you dont 
have to hang wp and redial 
And Smartcom I] can oper 
ate totally unattended, It will 
take a message when youre 
out, and leave it on your disk or 
printer You can also tell Smart- 
com I] to “save Tessa ges YOU Ve 
created, and send therm-at night 
when phone rates are lowest, 
Smartcom UI will help you 
streamline your communications 
and maximize the outstanding 


eerechiecriete hiseert crt ' = . Lr 
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a aT YT See oT pay 
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capabilities of your 300 or 1200 
bps Hayes Smartmoedem. 

aCe WOU authorined Hayes 
dealer for a demonstration of 


smartmodem and Smartcom [] 

The most reliable telecomputing 
system for your personal com 
puter. From Hayes. The telecom. 
puting leades 










Hayes Microcomputer Products, Inc 
$929 Peachtree industrial Bhd 
Norcross, Georgia TOG? 404et]-Lo? 
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enough to be your last? 





record up to tof your favorite shows. Over a two- 
week Neriod | r you're home or away 

And whether it's a high-tepping pro halfback. 
Or your child's first steps. You'll enjoy watching them 
even more with special effects like slow motion and 
stop motion. And every motion will be clear and jitter 
free, Thanks to Tech-4~ playback technology. 


Experience sound conventional stereo alone could 
never give you. Just connect the Panasonic PV-9600 to 
your stereo system. Put in a prerecorded VH5 Hi-Fi 
cassette. And mowes or musical performances come 
alive. With a sound presence that actually feels like 
you're front row center. 








CompuFocus™ with Data-Grade. 
For the picture of the future. 


CompuFocus is an advanced system of video optic and 
electronics. The Data-Grade picture tube produces more 
dots per square inch than ordinary TV. fogether, they 
give our CTF-2077R color TV an incredibly precise 
picture. Ready for all the new technologres. From 
computers. To teletext. To videotex, And beyond. 

And when the television networks are ready to 
broadcast in stereo sound, You" II be all set to listen, 
Because this color TV has its own integrated decoder, 
amplifier, and stereo speakers, 

50 tune in. To the new VHS Video System from 
Panasonic, Because your first video system should be 
good enough to be your last. TV pene eect 


Panasonic. 


§ just slightly ahead of our time. 





There is only one 
other 35mm program 
camera that is ¢aat}.— 
madeas well Besa 
asthisone. yaamas 

And that c amera 
costs four tin 
much and cant do half 
the things that the new 


Olympus OM-25 
Program camera can. 
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Last chance to order the perfect gift. 
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easy TO give, vided. Upon request, a citt card will be 


aaa CLAtCSA Inexpensive a) 
it's also a gift your re Iplents ¥ ill ope sent to each person vou list. If the form is 


Soa, |. Pe Se 
with pleasure each month of the year. TUSSI, Write TO: 


when NATIONAL GIFOGRAPHIC brings the ces = Te 
National Geographic Society 


Washineton, D.C. 20036 


World amd all its nders into their homes. 





Car repairs 
guaranteed 
for life. 





Only at these signs! 


The Lifetime Service Guarantee. Free Parts. Free Labor, For Life. 
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Ina world of airlines,one airline 

has always been something es 
AL TIPS Glance, 

be the same But when you h 


one airlin 
its anal 


all airline 5 Ta 


wok closer 
rline so large it carries over 
30 million people a year: 
alizecl, you can reserve your seat a year 
In achvance 


Vet sO Person 


Its an airline so committed po Savin iz 


appear to 


¢ OES VOU a special way to fly, 


VOU time, vou can Bet all your boarding 
lights before vou get 


passes for all vi 
to the airport 
Its an airline thats alwavs led the way 
Dy DEINE iINNOVAaLLve, NOL imitative 
American Airlines. In a world of airlines, 
ts t the me special airline that can make 
r trip some hing special 


Americandirlines 


Sometbrrig special i tbe aa: 





Topsail 
T have just read vour article on soil (September 
1984). Asin the U. 5., we have people in Canada 
who don't understand soll conservation. They 
continue to bulldoze our trees and drain our 
sloughs, And when the fall and spring winds 
blow away the topsoil, they blame tt on everyone 
but themselves. When the water table drops, do 
they stop to consider that, had they leftthe slough 
where it was, none of this would have happened? 
A number of farmers have gone to sero tilling. 
which seems to stem the snow from drifting off 
the fields in the winter. The last thing we need 
now is another drought. But unless the farmer 
changes his ways, it will soon be on us. 
Doug L. Brown 
Rivers, Manitoba 


Thanks for the stirring article “Do We Treat Our 
Soil Like Dirt?” To quote on old Texas farmer on 
the soil he has farmed for 25 years, “It used to be 
we could just plant the peanuts, and when the 
sail got wore oul, we'd just move on. Now we're 
running out of placesto move on to.” 

Nature is resilient, With proper management 
we will be able to renew one of our most precious 


resources, the soil, elisabietbifaieet 
Conway, Arkansas 


In January 1077 we had a very dirty anow in 
Joliet. In some places in our yard the dirty layer 
was more than eight inches thick. I recognized tt 
for what it was—the cream of someone's farm— 
and in midwinter got out my wheelbarrow and 
shovel and put the snow from my driveway on 
my garden. That growing season its output was 
50) percent greater than before. 

Thank you, farmers of Colorado, for my hack- 
vard bonus, However, [ hope my grandchildren 
don't zo hungry because of vou. Anytime one sees 
a dust storm, he is seeing the future of our 
country’s agricultural productivity disappearing 


before his eves John J, Balek 
Joliet, Dlmois 


Colorado 

References to shale “oil” in your “Colorado 
Dreaming” article (August 1954) lack some basic 
facts, Kerogenisa very low-quality hydrocarbon 
and must be upgraded with energy inputs to 


make anything close to gasoline. Current shale 
processing is a net energy loss system, and thus 
the demand for multihillion-dollarsubsidies and 
price gumrantees at $44 to $92 per barrel while 
high-grade crude is at 3278. Ne surprise then that 
the only customer insight for shale oil is the Pen- 
tagon. Environmental effects of shale operations 
would create severe alr. land, and water degra- 
dation here in Colorado. 
(Chester McQueary 
Parachute, Colorado 


It's obvious that one of the things Mike Edwards 
likes most about Colorado is its mining industry, 
He prefers Leadville asa “lusty, loud, miner's 
daughter.” Maybe we should also add a “pollut- 
ing, environmentally irresponsible, miner's 
daughter.” Is he fond of the hideous open gash 
hundreds of feet across that rons from Leadville 
to Climax? Or perhaps-all those colorful mine 
tailings that spangle the surrounding mountains? 

Tt could be that Mr. Edwards is simply capti- 
vated by romantic notions of Coloracdo'sold gald- 
rush davs, but his treatment of modern uranium 
mining is another matter. He tells us that the 
presence of raciouctive tailings is "provoking de- 
bate,“ asifitweren'tdangerous. These aren't ob- 
secure little piles; we're talking about mountains 
of the stuff, Nothing will grow on them, nothing 
can live around them. Ofall the evils of the nucle- 
ar power game, uranium mining & the most 


Richard Bruhn 
Austin, Texas 
Japan Alps 


It was with great pleasure and surprise that | 
opened the August 1984 issue to see the photo of 
‘Tatevama. in the summer of 1968, a5 a twenty- 
year-old, | climbed Tateyama, and it was witha 
great deal of endurance and pride that I reached 
the top. As I stood on the summit, sweating and 
tired, 1 glanced around to find an elderly monk 
dispensing blessings to a group of 70 smiling, 
cheerful ten-vear-olds. 
John Oliver 
Hartsville, Tennessee 
Mexico City 
Congratulations to Bart McDowell and Steph- 
anie Mage for the excellent article (August 1984). 
A large metropolis develops its character and 
personality from its geologic location. I thinkyou 
captured the feeling of this great city, 
Dr. Luis Roberto Ordn 
Leon, Mexico 


“Mexico City; An Alarming Giant" was read 
with consternation and disapproval by those 


National Geographic, December [984 


who, like me, have spent 30 or more years in this 
exuberant, fascinating, delightful, majestic, 
ever growing, sometimes shabby, sometimes wn- 
ru, but abwaws beloved city we call home. The 
emphasis of your story ts overwhelmingly on the 
underprivileged population of the inner city, 
which is very similar to the ghettos of New York, 
Chicago, or.any other large, aging city. In only a 
very partial sense does such a focus truly reflect 
the character of the city as a whole or accurately 
describe its form or substance 
Juan Wortman 
Mexico, DF, 


Forty years ago my uncle Lavoisier Lamar, a 
worldwide consulting engineer, was in Mexico 
and was asked his opinion of Mexico City. He 
sald, “When o large group of people ignoring ge- 
ography, climate, politics, and reason decide to 
live ina community, they live, largely, off ¢ach 
other. The money flies arqgune, changing hands; 
most of it stays there. The clever siphon some 
awny, Itmeans little. The more people, the more 
confidence, the more growth, That is Mexico 
City today," 

William H. Lamar 

San Antonia, Texas 


Population Bomb 
In an otherwise excellent article (August 1984} 
you got the central point backward. On page 184 
VOU state “primitive farming methods limit crop 
vield—and profit,” The truth is that the lack of 
profit in modern farming forces farmers to con- 
tinwe primitive farming methods, 
Gilles Stockton 
Grassrance, Montana 


Whales 


For the past two weeks | have been attending 4 
class on marine mammals at Scripps Institution 
of Oceanography in.La Jolla, California, In*The 
Whales Called ‘Killer’ “(August 1984) a caption 
states the eve gel is for protection when the whale 
comes out of the water. According to my teacher 
ut Scripps, the eve gel of the killer whale is used 
for protection underwater. Please confirm which 
correct 
Bobby D. Highfill 

Spring Vatley, California 
Most scientists think the glandular secretion pro- 
tects the orcas eyes both above ond below water 
Orcasare among the few cetaceans to deliberately 
lift their heads ahove water in search of prey. 


Scotland 

Rowe Findlev’s. fine article on Scotland's 
“ghosts” might have included more on Sir Wil- 
liam Wallace (1270-1305), who more than any 
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Ac 3a maker of home appliances, Whirlpool Corporation understands 
how imnortant the home ts tomillions and millions oe people. Wwe Know inatil 
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Tei t We also know that major home appliances go a long way toward 
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other fired the national instincts of the clans and 
brought unity and independence to his people, 
His defeat of Ring Edward's forces. at Stirling ral- 
lied the Scots, and that fervor never died. So en- 
éehrined is Wallace's heroism in Scottish hearts 
that his statue stands to the right as you enter 
Edinburgh Castle. To the left is Robert Bruce. 
William Wallace 
Fraser, New York 


Great Gray Owl 
Michael Quinton, in his article on the great gray 
owl (July 1984), mentioned the American Bird- 
ing Association's list of Most Wanted Birds. I'd 
never heard of it. Now that I have, I'd sure like to 
know their “top ten,” 
Tommy DeMarco 
Eatonia, Saskatchewan 


They are as follows: Backman's warbler, Califor- 
nia comdor, tvery-billed woodpecker, great pray 
owl, black raul, gyrfaicon, boreal owl, yellow rail, 
aplomudofulcon, and Eskimo curiew. 


Mr.Quinton’s story of the great gray owl was ab- 

solutely marvelous: His report showed te what 

an incredible creature the great gray is. One 

question still lingers in my mind, though—is the 
great gray considered endangered? 

Peter Bilden 

Zionsville, Indiana 


The greai gray owlinol on ine U.S. endangered 
species list. dn Conada—its basic range—al us 
comsiderca “rare, aranking below “tereatened.” 


Cover 


Thank you.so much for the March 1984 issue and 
the article on lasers, The cover alone must have 
attracted world comment. Last evening I took 
that sue to-school for the evening study period 
forour Grade Sevens, all local kids of the Lunda- 
Ndembu tribe. Most of them tilted the cover at 
various angles, exclaimed on the different color 
effects, and then went on with their studies. But 
one more curious than the rest took the magazine 
to a quiet corner of the room, studied the cover 
very carefully from different angles, and four dif- 
ferent times cautiously opened the magazine to 
see where the rest of the bird was! 
Brother Joseph Weissling 
Mwinilunga, Zambia 


Letters should be addressed to Members Forum, 
National Geographic Afaogacine, Bor IT448, 
Washington, D.C. 20013, and should includes 
sender's adaress and telephone number. Not all 
letters can be used. Those that are will aften be 
fdifed and excerpled. 
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Back in 1967, Whirlpoo! decided it 
was important for customers to 
have someone to talk to whenever 
they had questions about any of 
our appliances. The result of that 
decision was the establishment of 
our tol-Hree Cool-Line service’ 

Today; after more than sateen 
years and two million calls, our 
Cool-Line service is still going 
strong. In fact, we now receive over 
250,000 calls annually from cus- 
tomers in need of help and 
information. 

The enormous number of 
calls received 
through our 
24-hour 
Cool-Line | 
service = at [253-1301 
obviously 4 “) 
means a “Give 
wide variety 
of questions. Information on appli- 
ance installation, clothes stains, 
food storage hints, ruined recipes 
and the location of authorized 
service companies are just a few of 
the reasons customers call our 
Cool-Line service. 

Whirlpool’s 24-hour, toll-free 
Cool-Line service. It's a quick and 
easy way fo save time and money, 
And another way we help make 
your world a little easier. 

“Coll B00-254-/)20), 
fn Ata ond Aig SW 242i 
fn Michigan, S0G472-22-43 
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We dont buy just any seats. We design durable seat for new GM cars and trucks. 
them. But we think it's worth tt 

GM beomns with detailed stucies And we believe old Leonardo would have 
of the human body. Biomedical research. thought so, too. 
The kind of comprehensive investigation We believe in taking the extra time, giving 
of anatomy da Vinci undertook in the the extra effort and paying attenbon to ever 
La00s. detail. That's what tt takes to provide the 

As a leader in the field of Human Factors quality that leacis more people to 
Engineering, we desien interiors scientifically buy Ga cars and slag thar in any 
to minimize the possible distractions from vour other kind. And why GM owners 
crivil ig. are the most low al an a i road 

lt may take us two years and cou i SS ‘That's the GM comn ii! ment 
clay models to avive at a more como table. ce excellenc E. 
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They were revolutionaries lot has changed. And the of $225 when you order 
















fromthe beginning.Because changes are simply an AM/FM radio, rear 
they were created to be beautiful. Aries now adds a window defroster, power 
better | . = cs m. | , steering, 
values 6 ES. auto- 
than any | = - | ~ matic 
Six-paSSenger Cars you sophisticated new look to speed control, tilt steering 
could buy. Last year, for a proven tradition of wheel, and other popular 
example, they had the low- 14 billion front-wheel- options?" 
est sticker prices, the drive miles. Ask any of over 400,000 
highest EPA mileage rating, Bul the changes aren't American families who've 
the longest warranties, and just cosmetic. This year, owned Aries what they think 
solid resale records” They Anes LE gives you over 40 Then ask your Dodge dealer 
were true rev- © 1 standard fea- about buying or leasing a 
olutianaries— | ‘ea! tures. Some new Aries. It's traditional 
Anes 2-oor, ™ » 73 improve K-car value ina beautiful 
4-door, and ments and new style that makes Aries 
wagon. Innovations — 2-door, 4-door, and wagon 
or 1985, both standard = true revolutionaries 
all the practi- and optional, : again for 1985. 
cality under And, with 
the sheet offerings like 
metal has remained intact the Premium Equipment AMERICAN 
But wt the sheetmetal, a Discount Package, savings REV 





“1984 6 passenger mode! comparisons: lowest base and comparably equipped sticker prices; highest 
mileage —28 EPA est mpg, used for comparison, actual mpe varied depending on speed, distance 
and wealher; langes! warranty—5 years/50,000 miles, whichever came first, Limited warranty on 
powertrain and outer body rust-through, excluded leases, deductible applied. Dealer SuppNied defans 
“Aries LE savings based on sticker prices of packape items if purchased separately. Ask for detaifs. 
BUCKLE LIP FOR SAFETY 


On Assignment 


FAILING THE INDIAN OCEAN off the 
ww cousts of India and Sri Lanka may seem 
ke a delightful adventure, but if your schea- 
ule is dictated by the erratic movements of 
sperm whales, the glamor quickly faces. 

“Tt sounds exotic, but it's actually quite ex- 
hausting, because we follow them day and 
night,” says zoologist Hal Whitehead. Here, 
aboard the sloop Julip (below), which served 
az the project's research vessel, be stands 
members Caroline 


wntich fanked by cree 


Smythe and Philip Gilligan 





A native of Derby, England, Whitehead 
learned to sail inthe United States during boy 
hood summers spent at his maternal grand- 
mother’s house on Maine's Isicsboro Island. 
He holds a Ph.D. in soology from Cambridge 
University and has studied whales off the 
coasts of Greenland and Newfoundland and in 
the West Indies. 
tants isunshakahle, hesays, “The whales had 
no idea what anguish they caused us when 


“hough his fondness for the 


they suddenly changer! direction or crossed In 
frontof a passing ship.” 

“Tye worked with a lot of whales before,” 
says photographer Flip Nicklin (below), “but 
the sperm whale isspecial. [t's like diving with 
Moby Dick.” For this assignment Nicklin put 
his «cuba gear aside and used only a snorkel, 
since sperm whales shy away from bu 
produced by air tanks 

\ veteran dryer, the San nego native has 
photographed articles on three other whale 
humpbacks, rights, and killer 
whales—for NATIONAL GEOGRAPHIC, and 
another on krill, a favorite whale food. “We're 
ust getting beyond the survey years in whale 
Wlography,” Nicklin. “Eventually 
we'll see pictures that will really knock your 

And Nicklin hopes to be the one 
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Wildlife as Canon sees it: 
A photographic heritage for all generations. 


nce abundant in the tropical forests of Brazil, of tropical forests. 
the stunningly beautiful seven-colored tanager And understanding is perhaps the single most 
has seriously declined m the past 40 years.Con- important factor in saving the seven-colored 
tinually sought after as a cage bird because of its anager and all of wildlife. . 


fancitul plumage and threatened with the loss of 
its habitat, this species of tanager today faces an 
uncertain future 

Nothing could bring the seven-colored tanager 
back should it vanish completely, And while 
photography can record it for posterity, more 
importantly photography can help save it and the 
rest of wildlife, 

Photography isan invaluable research tool that 
can assist in efforts to save the seven-colored 
tanager. Continued protection from the pet trade 
and the preservation of its natural habitat are 


needed to ensure the survival of the species. Also Can OT 
through photography, one can better appreciate "ee 


and understand this exotic and fabulous denizen Images for all time 
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In the very near future, 
Tlimos Bell will hei ip y LI get 
more out of yu ‘telept hon 
SeTVICe, VOUr teEIeVISION, arid 
more importantly, your life 
That's because new technol 
ogy will link your television 
or home computer, via the 
phone line, to sophisticated 
Information banks, 

As dl result, you'll have 
a0 PSS a wiht We new world 
information and services 

The ecimolony 1s called 
videotex, and it's going to 
make yon iT hfe mu h easier 

a ur TV and a simple- ‘to 
use keyboard will give yo 
direct t access to the cam puters 
ot vanous data suppers. 

So without ever having to 

leave your favorite chan y Tal 

be al le to doa vanety o 

thi ings. Like : shopping Pay 
ne bills. Hanellin i hank 

tra nsachons, Getting the lat- 

est news, weather and sports 

when you want it. The list 

ones om and on. 

Vidleotex: 1 yust one ex- 
ample of how Ilmas Bell 
will change the way you live 
and work. We thi oe yu u'll 
find it'll be a change for 
the better. 


Sav hello to the future. 
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